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ABSTRACT 
ANALYSIS OF TECHNIQUES FOR MAPPING ENVIRONMENTS 
FOR FAUNAL SURVEY 
Richard Malcolm Thackway, M.R.E.S. 	 Supervisor: 
Australian National University, 1985 	 Dr K. Myers 
A discussion of environmental land classification is presented 
for the purpose of surveying avifaunal communities. 
Surveying and mapping land uses the term environment in a 
special sense. Environment can be mapped into regions whose components 
are interacting climate terrain, geology, soils and biota. The problem of 
how to describe the environment for sampling fauna requires an approach 
which samples the inherent and known variability of all environmental 
regions present. 	 Discovery of patterns between fauna and environment 
provide the basis for understanding species/habitat relationships and 
provides a valuable basis for management or more detailed studies. Two 
environmental mapping methods commonly employed in faunal survey and 
management are systematic grids and natural landscape patterns; these were 
compared to determine their effectiveness for classifying the environment 
for sampling avifaunal communities. 
A detailed study was undertaken between 1982-84 in a plot of 
8km2 in the Tianjara area. 
	 The plot was chosen to encompass a 
representative sample of the wide range of environments described by Gunn 
(1985). Analysis of the systematic grids involved sampling a diverse set 
of environmental attributes into six different grid sizes, including 
100m2, 200m2, 300m2, 400m2, 500m2 and 1000m2. Topographic maps and aerial 
photos provided the sources for measuring the attributes. 
	 Results of 
several analyses showed the 300m2 grid was the most appropriate for the 
Tianjara area. Analysis of natural landscape patterns involved adoption 
of the work done by Gunn et al (1984) and led to the preparation 
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of a land unit map for the study plot. Detailed patterns were delineated 
in 1:27,000 scale air photos and described using the land unit 
descriptions in Gunn (1985). 
Results from ground site samples taken to verify the two mapping 
bases showed that the correspondence between map and ground data was 
better for sites in systematic grids than for natural landscape 
patterns. Notwithstanding this, a better understanding of the effects of 
sampling specific patches of environment was gained from examining sites 
in natural landscape patterns because it employed a stratified 
representative sampling strategy, while the systematic grids used a 
centric systematic sampling strategy. 
	 The effect of this was large 
uniform patches of habitat tended to be more oversampled by sites in 
systematic grids than was observed for sites in natural landscape 
patterns. 
Examination of the relationships between the sampling bases 
using analyses of environment was not possible because of the lack of 
sufficient sites in common between the two sampling bases. Comparison of 
the two sampling bases was, however, possible by using avifaunal data 
common to both sampling bases. Analysis of the relationships between 
avifaunal data and environmental groups showed only minor differences 
between the effectiveness of the two sampling bases to provide practical 
and realistic descriptions of environment for describing discrete 
assemblages of birds. 
The overall conclusion of this study is that any environmental 
classification, so long as it is based on relevant attributes known to be 
important for environmental structure and processes, will provide a 
valuable basis for sampling fauna. A number of points need to be stressed 
regarding analyses of this type; care needs to be exercised in choosing 
surrogate environmental attributes between the mapping and ground site 
data and caution is required when allocating sampling sites to avoid over-
emphasising area of environmental groups as more important than the 
inherent variability of the attributes within the environmental groups. 
An understanding of this problem will greatly improve the nature of 
sampling fauna in environmental regions. 
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INTRODUCTION 
a) 	 Background to the Study 
During the past decade the explosion of requirements for 
assessing the status of renewable resources has focussed on the need for 
developing survey methods yielding quantitative information. This has 
been supported by the growing recognition that man's mismanagement of the 
environment calls for an increased emphasis on conservation as a 
legitimate form of land use (Polunin and Eidsvik 1979). 
Environmental planning and the careful allocation of land are 
essential if optimum use is to be made of available resources. Without 
these measures, the prospects of conservation and suitable development 
will be impaired, sometimes permanently. Conservation here refers to the 
wise use of natural resources, which promotes the greatest benefit to all, 
while creating the least damage to the resources in question. To prevent 
or reduce any loss of resource availability, a sound integrated method of 
land evaluation is needed. 
The problem of nature conservation involves assessing the 
conservation potential of an area, which necessarily involves the 
measurement of numbers and distribution of different kinds of plants and 
animals. In ecological surveys there has been a remarkable response to 
this need. In Australia and overseas many workers are attempting to solve 
the problem, but no truly comprehensive solution has yet emerged. 
Literature on this subject is already large and is added to constantly. 
It involves a broad array of studies from the more descriptive studies of 
large regions, to the more quantitative multivariate analysis of 
ecological communities. 
Most methods which attempt to measure the environment do so in 
terms of the capability of a specific area to sustain a particular land 
use. Failure to assess the value of land for conservation is common. In 
terms of conservation of habitat and fauna this problem of management 
exists at two levels. Firstly there is the problem of measurement and 
sampling of environments, and secondly that of sampling biota (Myers 
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1983). 
	
This calls for the recognition of species requirements at a 
broadly integrated scale, thus allowing land acquisition and management to 
be based upon the needs of plants and animals, including mankind. It also 
requires an appreciation of context: whether the study area is of local 
or continental significance; 	 what level of biological complexity is 
concerned; and over what time period need an investigation be considered. 
In realising these requirements, the broad practical task of the 
CSIRO Division of Water and Land Resources is to promote better land use 
by improvement in methods of resource inventory, evaluation and land use 
planning in order to assist local, state and national authorities in their 
land use decisions (Laughlin et al. 1981:1). 	 Several conservation 
oriented projects aimed at developing methodologies for evaluating a 
specific area in terms of its flora and fauna are in progress. 	 The 
objectives of these projects are: 
i. to develop objective land classifications based on 
primary plant responses to environmental factors 
which will in turn provide a basis for sampling 
fauna; and 
ii. to develop and test techniques of faunal survey, 
singly and in combination, for a range of selected 
vertebrate taxa, with the emphasis on mobility, 
logistic 	 feasibility 	 and 	 acquisition 	 of 
quantitative data from spatially defined land. 
Following the formulation of these objectives early in 1981, two 
postgraduate students commenced collaborative projects with the Australian 
National University and the Division. This thesis will address the first 
objective, that of developing methodologies of environmental 
classification for use in sampling faunal communities. At the 
commencement of this work the Division was involved in undertaking bio-
physical surveys of selected training areas for the Commonwealth 
Department of Defence. The main purpose of these surveys was to assess 
the impacts of personnel training activities upon the environment. Of the 
areas being surveyed (Buckland in Tasmania, Evans Head on the north coast 
of N.S.W. and Tianjara on the south coast of N.S.W.) Tianjara was selected 
as the study area for this project, for the following reasons: 
3 
1. it presented fewer problems of logistical support 
from Canberra, 
2. a comprehensive data and information base was being 
compiled for the area, 
3. the area was being stratified into biophysical 
regions (Gunn et al. 1983) using one of the methods 
which this thesis aimed to examine, and 
4. it offered a diverse array of habitats within a 
relatively small area. 
Prior to undertaking the study, two scales of landscape mapping 
were used to stratify the environment, within which faunal and habitat 
relationships were examined (Myers, Thackway and Read 1983). They were 
comprised of a broader regional scale, which stratified environments in 
terms of relatively extensive biophysical regions (land systems) and a 
finer scale of detail which defined habitat components (land units). 
Using this and other relevant information, this study set about 
investigating the problems of scale and environmental heterogeneity when 
using two different sampling strategies, landscape (natural) patterns and 
contiguous grids. Natural patterns were delineated as patterns or mapping 
units (MU's) on aerial photographs and were described using environmental 
attributes measured in the field. 	 The use of systematic (contiguous) 
grids involved the selection of different grid sizes and measurement of 
environmental attributes sampled principally from topographic maps. 
Attributes describing the grid cells and the grid sizes themselves were 
classified to determine the most appropriate grid size to represent 
environmental variability. 	 In order to test the veracity of each 
stratification, avifaunal communities were sampled in the field and 
analysed in relation to them. Figure 1 illustrates a schematic summary of 
the approach used. 
Grid size 
determination 
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Figure 1 Schematic representation of the approach adopted in the 
measurement and sampling of environmental scale and complexity 
using two different sampling bases. Ground site environmental 
attributes and bird data were used to test the ecological 
veracity of the two sampling bases. 
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b) 	 The Study Area 
The Tianjara Defence Training Area lies in a relatively natural 
setting, approximately 100 km east of Canberra, immediately adjacent to 
the eastern boundary of Morton National Park, see Figure 2. The Training 
Area comprises about 185 square kilometers of land and measures about 24 
kilometers north-south by about 11 kilometers east-west. 
i) 	 Geology 
Geological map data 
of 1:250,000, which gives an 
but not fine-scaled enough 
productivity. The geology of 
system of strata derived 
sediments. These strata have 
processes, which give the 
appearance. The oldest rocks  
for the area are available only at a scale 
impression of the major rock types present 
to relate to the patterns of biological 
the Tianjara area is complex, comprising a 
primarily from sequentially deposited 
been acted upon by geomorphic and erosional 
landscape a typically dissected rugged 
in the area are Ordivician sediments, found 
at lower elevations, in the Clyde catchment and in the Conjola catchment 
to the east. These sediments have been tightly folded and eroded during 
the Silurian period and unconformably overlain by Devonian sediments. 
Mountain building processes and erosion of them during the Carboniferous 
period left terrestrial deposits filling a deep valley that had been 
excavated during that period (Snedden 1982). During this period coal 
deposits were formed, some of which either have been or are likely to be 
mined (e.g., deposits in the vicinity of Mount Tianjara and those in the 
Clyde River Valley). The Ordivician rocks are unconformably overlain by a 
series of sediments of Permian age, which were extruded by volcanic basalt 
flows during the Tertiary period. 	 Such an extrusion is found in the 
headwaters of the Upper Clyde River. Alluvial deposits of Quaternary age 
have accumulated along rivers in the area (Snedden 1982). 
Complex geological formations occur in the mid and lower regions 
of the Clyde Valley and mid region of Conjola Creek. 	 Underlying the 
Permian deposits are steeply-dipping metamorphosed Ordivician sediments, 
Permian granite and Mesozoic Momanite. Erosion of these formations has 
resulted in a ridge-valley sequence. Tertiary basalt formations found in 
the region of the upper Clyde River are characterized by the absence of 
structural landforms. 
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Figure 2 Location of the Tianjara Defence Training Area. 
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ii) Landform 
The landforms of the Tianjara Area are strongly influenced by 
the underlying geology. The area lies about 500 m above sea level, and is 
comprised of a series of plateaux and incised stream valleys. 	 Speight 
(1983) recognized 5 terrain types on the basis of distinctive and 
homogeneous slope populations indicating a degree of similarity in 
landform genesis. It is an area of erosional terrain in which the average 
frequency of valleys per kilometer is low (1.2) and that of ridges is very 
low (0.8) (Speight 1983). The highest points approach 800 m to the west 
of the Clyde River near Crevasse Canyon, 774 m to the south (Mt. 
Talaterang) and 768 m to the northeast (Mt. Tianjara). The lowest points 
occur to the southwest in the valley floors of Pigeon House Creek and the 
Clyde River at about 100 m. 
The area generally has a low relief of approximately 60 m and 
slopes are moderate (23%). The greatest relief is found in the south and 
southwest where the Clyde River and Pigeon House Creek have incised the 
plateau surfaces. 	 Slopes of the plateaux are generally undulating, 
varying from 3% to 10%. Slopes associated with ridge and valley systems 
range from 7% to 70% with much variability (Speight 1983). 
Landforms are strongly influenced by the widespread occurrence 
of flat-lying Permian rocks which dip gently towards the east. High 
scarps define the edge of the plateaux and are associated with a massive 
resistent quartzose sandstone (The Nowra Sandstone). Minor benches and 
lower scarps are also formed on other thinner and resistent Permian 
deposits. 
iii) Soils 
The earliest survey of soils in the area was undertaken by 
Walker (1960). 	 Soils were mapped at 1:500,000 scale and the main soil 
types described included yellow earths, grey-brown earths, yellow 
podzolics and peats. The Atlas of Australian Soils (Northcote 1966) also 
describes the soils for the area but as with Walker's map, the scale is 
very broad. Gunn (1978) in a study of soils of the South Coast included 
the Tianjara area, and found that the principle soils were grey massive 
earths, humic and organic soils and gradational soils. The most recent 
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survey was undertaken by Gunn (1983) as part of the biophysical survey for 
the Tianjara Training Area. Results of the latter more detailed survey 
support the earlier survey, with the addition of fairly extensive areas of 
uniform sandy soils. 
Soils of the plateaux are generally of a shallow skeletal nature 
and are comprised of weathered parent rock material (sandstone, 
conglomerate or quartzite) with variable quantities of humic material 
(Olsen 1982). 	 Soils derived from strongly leached parent materials 
combined with the tendency to form thick humic surface horizons, result in 
almost all the soils of the area exhibiting strongly acid reactions and 
low levels of fertility (Gunn 1983). Most soils of the plateaux are 
underlain by flat-lying impermeable rocks and internal drainage ranges 
from imperfect to impeded. Under these conditions such soils are 
inadequate to support tree growth. Deeper colluvial deposits comprising 
rock debris and weathered material occur on ridge and valley surfaces. 
Though these soils exhibit relatively low fertility (derived from 
sandstone parent materials plus siltstone), the greater depth and improved 
drainage provides a suitable substrate for forest growth. One of the most 
ecologically productive soils of the area is derived from weathered 
olivine basalt flows, found at the headwaters of the Clyde River. These 
soils once carried closed forests and tall open forests, but all such 
forests have been degraded by frequent and severe fires and by logging for 
mill logs (Mitchell 1982). Rich soils also occur on the deeper alluvial 
deposits that occur along the major streams such as the Clyde River and 
Pigeon House Creek. 
iv) 	 Climate 
Climatic data for the Tianjara area are limited to rainfall and 
temperatures recorded at several weather stations located near the area. 
The climate for the South Coast, which includes Tianjara, has been 
described by Kalma and McAlpine (1978). Austin (unpublished data) more 
recently has indicated that rainfall estimates provided by Kalma et al. 
(1978) may have underestimated the rainfall by some 200 mm per year. The 
steep rainfall gradient created by the affect of the main escarpment was 
referred to in the South Coast study, but due to changes in the technique 
used to estimate rainfall values more accurate prediction of rainfall 
estimates for the area are now possible (Speight unpublished). 
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Mean annual rainfall for the area is 1,250 mm. 	 Higher 
elevations nearer the coast receive over 1,400 mm, while areas further 
west from the coast receive under 1,200 mm. Rainfall at Milton on the 
coast occurs primarily in autumn and early winter (March-June) with a low 
period in winter (July to September). Rainfall during the remainder of 
the year has a mean of about 90 mm per month. Rainfall at Nerriga located 
on the Plateau (625 m) inland from the coast, has a similar rainfall 
pattern but receives less rain overall, however relatively more rain is 
received in late summer. 	 Miller and Febbes (1977) have shown for the 
coastal lowland terrain that more cloudy days occur in summer than in 
winter. 
Temperatures are strongly influenced by elevation, latitude and 
distance from the sea (Nix pers. comm.). Only two weather stations in the 
region have temperature records - Nerriga (625 m) and Ulladulla (10 m). 
Since there is very little difference in latitude between these two 
stations the temperature differences due to latitude would be 
negligible. 	 Allowing for a 6.5°C km-1 cooling off in atmospheric 
temperature with altitude, Nerriga which is higher than Ulladulla would be 
about 4°C cooler than Ulladulla. 
Kalma and McAlpine (1978) applied Slatyer's (1960) generalized 
water balance model to various stations in and near the south coast 
area. They showed that soil water does not limit plant growth except in 
soils which are imperfectly drained, e.g., plateau surfaces. Droughts 
experienced at Milton extending from one to four weeks duration occur at 
least once every two years, mainly in spring and summer. Droughts of a 
longer duration, up to 8 weeks, are rarer and occur almost once every 8 
years (Speight pers. comm.). 
v) 	 Vegetation 
Vegetation surveys of the area have been limited. Studies by 
Pidgeon (1937, 1938) and Davis (1936, 1941) provide useful information but 
they deal with areas to the north of Tianjara. Austin (1978) described 
the floristic vegetation communities of the Clyde River catchment, but 
work on the Permian sandstone of Tianjara was limited to the description 
of an altitudinal sequence. 	 Austin also described the general 
relationship that exists between heathlands on the plateaux. 
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The area has recently been surveyed by Nicholls (1983) and 
Paijmans (1983). Nicholls adopted the same floristic approach as Austin 
(1978) in describing the forest and dry heath communities. As a result of 
more intensive sampling, 5 new 'types' of floristic communities were added 
to Austin's list for the area. Paijmans (1983) surveyed and classified 
wet heathlands, gully and stream bank vegetation. In total, Nicholls and 
Paijmans recognized and described the distribution of 29 floristic 
'types'. The richest communities were eucalypt forests with 19 'types', a 
mallee-dry heath complex with 4 'types', and wet heaths and rainforest 
with 3 'types' each. 
Open forests are found mainly on well drained situations usually 
associated with deeply weathered bedrock or rock debris. Eucalypts tend 
to be low and sparse where soils are shallow and poorly drained. Eucalypt 
communities are found over a wide range of environments from dry exposed 
westerly slopes through to the cool moist sheltered aspects from the 
north-east to the south. On the more protected cooler slopes and gullies 
eucalypt forests give way to rainforests. Rainforests tend to occur on 
sheltered aspects below scarps or on steeper slopes adjacent to drainage 
lines, and on alluvial deposits associated with major streams. 
Mallee/dry heath community types are most extensive on plateau 
surfaces where underlying soils are usually shallow. 
	 Such communities 
occur on poorly drained soils which dry out during the hot summer months 
assisted by desiccating westerly winds. 
	 These communities are burnt 
regularly and as a result are typically low. Wet heathlands are typically 
found on gentle slopes, above and below scarps where groundwater breaks 
the surface and where soils are shallow and drainage impeded. Wet heaths 
also occur on lower slopes which drain the surrounding mallee dry 
heathland communities. Buildup of organic matter in the underlying soils 
is a common feature of wet heaths as is their ability to frequently burn 
and readily regenerate. 
vi) 	 Fauna 
Faunal surveys encompassing the Tianjara area have been few and 
extensive in nature. 
	 Two main sources of information include a 
descriptive general field guide to terrestrial vertebrates of the Budawang 
Range and environs (The Budawang Committee, 1982) and a survey of fauna by 
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the CSIRO Division of Water and Land Research (Nix et al. 1978). Whilst 
the CSIRO surveyed mammals, birds, reptiles, amphibians and invertebrates, 
it was of a reconnaissance nature and concentrated mainly to the south and 
west of the Tianjara Defence Area. 
Other information relates to bird fauna collected mainly by 
amateur bird watchers. Tianjara has also been studied intermittently by 
field ornithologists. Useful records include the notes of K.A. Hindwood 
and S.G. Lane (Sydney pers. comm.), and the specimen collections by H.J. 
and S. Disney (pers. comm) of the Australian Museum, Sydney. The most 
comprehensive list of bird observations is that of C.P. Humphries 
(Ulladulla pers. comm.). 
The Royal Australian Ornithologists Union (RAOU) initiated a 
pilot survey in 1979 to examine whether the skills of amateur bird 
watchers and ornithologists could be used in a co-operative way to compile 
regional bird lists (RAOU 1979). 	 Tianjara was included in that pilot 
survey which covered an area of 13 608 km2 of the South Coast of N.S.W. 
Bird species data were stored in square grid cells 9 km2. 	 A more 
comprehensive survey (RAOU 1984) has since followed the pilot survey; 
this surveyed the whole continent, and was completed in 1981. Relevant 
lists of birds for the Tianjara Area are presented in Thackway, et al. 
(1985). 
vii) 	 Land Use 
The region comprising the Budawang Ranges, including Tianjara, 
has had a long history of Aboriginal and relatively recent European 
settlement. An account of the area's occupation by the Aboriginals and 
early settlement by Europeans is presented in Hilder (1982). Hilder also 
provides an excellent account of the region's early explorers, many of 
whom were victims of shipwrecks along the nearby coast. Later settlers 
were seeking land for settlement and surveying routes for easier passage 
between the hinterland and the coast. The region's first settlement 
occurred at Nerriga in 1824, where the region was used for rough sheep 
grazing. The gold rush of the 1850's and early 1860's led to a massive 
influx of Europeans who, when the gold was gone, turned their hand to 
pastoral practices by the mid-1860's. 
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Coal was discovered and mined in the mid-1880's in the upper 
Clyde River but by the late 1880's it was abandoned due to limited seams 
and difficult access. 	 In the late 1880's gold was rediscovered to the 
west and northwest and southeast, but no deposits were found in 
Tianjara. 	 By the 1890's there was a dramatic rise in the numbers of 
people turning their hand to subsistence farming. Cattle grazing in the 
area dates as far back as the 1890's. 
Forestry practices have had an equally long history. Because of 
the variability in timber quality, taller eucalypt forests and rainforest 
trees were the first to be selectively logged. Timber getting in the 
Upper Clyde was restricted because of the low economic usefulness of the 
timber plus the difficulty of access into the rugged gorges Milder 1982). 
The presence of the Army has been relatively recent, commencing 
in the late 1950's. 	 It is believed that no firing of artillary and 
mortars has occurred over the last 7-10 years. Today, the impact of the 
Army appears slight as craters are partly filling by slumping earth and 
sheet erosion and many support low vegetation. Since the arrival of the 
Army, the area has changed little except as a result of the effects of 
several severe wildfires in 1957 and 1980. The only significant man-made 
features on the landscape are Porter's Creek Dam built in 1967 to supply 
water to the townships of Milton and Ulladulla, and high tension overhead 
electricity power lines in the north of the area. 
Hilder (1982) comments that the presence of the Army had a 
beneficial effect upon National Parks' plans of the 1960's with regard to 
the setting aside of nearby reserves. The scenic grandeur of the area has 
long been recognized by tourists and bushwalkers seeking non-destructive 
appreciation of the landscape. 	 Bushwalkers skirt the margins of the 
training area to gain easy access to the more scenic areas which lie to 
the north and west in Morton and Budawang National Parks. 
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II 	 INTRODUCTION TO MEASURING AND SAMPLING THE ENVIRONMENT 
Environment was defined by Elton (1927) as all the conditions 
surrounding the organism, including physical, chemical and biotic 
factors. 	 Elton (1927, 1949) also used the term habitat to describe an 
area containing a characteristic set of animals and possessing a reliable 
uniformity in terms of physiography, vegetation and other qualities which 
appeared important to the animal community using it. Habitat was used to 
denote characteristics of the area surrounding a group of organisms and 
was seen as a subset of the broader environment. Elton perceived the 
organism and the community at the centre of an ecological web. However, 
workers seeking to develop this concept further have generally only 
confused the meanings of the terms habitat and environment (Brower and Zar 
1977; Brewer 1979). The term habitat used in this thesis is as according 
to Elton. 
An animal community is comprised of separate populations each 
possessing diverse qualities in terms of biological attributes and 
environmental needs. By definition, the study of animal communities seems 
to justify and necessitate an autecological approach to the sampling and 
measurement of environmental requirements. Research on communities thus 
requires the measurement of things which influence animals, directly or 
indirectly. But, significant problems confront the ecologist, given the 
enormity of the task of evaluating all species populations in all possible 
environments. 	 Because of the difficulties involved, research therefore 
has tended to concentrate upon quantitative assessment of environments of 
species populations and limited guilds. 
Species population studies enabled workers to define in a more 
exact manner what environmental factors influenced the life histories or 
organisms. In their research on insect populations, Andrewartha and Birch 
(1954) defined the environment in terms of components which directly 
affect the ability of an organism to survive and reproduce. Five factors 
were proposed: physicochemical, organisms of other kinds, organisms of 
the same kind, resources, and malentities. Though other workers (Maelzer 
1965 and Niven 1974) have proposed further definitions, the single species 
philosophy continues to be widely accepted. Acceptance of this approach 
can be seen not only in the search for understanding of faunal communities 
at the research level, but it also permeates workers involved in 
establishment and maintenance of faunal reserves (Polunin et al. 1979). 
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Study of the environment of many species populations or 
communities is complex. To the animal ecologist concerned with measuring 
the environment, which encompasses everything that influences the 
organism's chance to survive and reproduce, the environment of a community 
comprises the sum of all relevant environments of all species 
populations. As a consequence of the enormity of attempting to measure 
such an entity and of the difficulty of comprehending faunal responses 
even for a few species, workers sought to measure and understand species 
'umwelts' or specific subsets of environmental factors for only those 
species or groups of species considered interesting or economically 
important - pests, game species and endangered species. 	 This trend is 
most evident in the North American approaches to wildlife management and 
conservation (Thomas 1982). The increasing availability of computers and 
the development of powerful statistical techniques since the end of the 
second world war have undoubtedly aided the development of these 
approaches (Capen 1981). 
Ecologists attempting to solve the problem of measuring the 
complexity of the environment have developed techniques for collecting and 
analysing large multiple attribute data sets measured for a few selected 
sites in relation to particular species. Although this technique often 
results in predictive models for particular species and environments, 
little attention is given to the representativeness of the sample base 
from which the original samples were selected. This problem arises where 
the number of samples is less than or equal to the number of variables 
measured at each site. Models developed on this basis thus have limited 
application to problems of general habitat description at a regional scale 
and for many species populations. 
Describing habitat over large areas presents numerous 
difficulties for faunal survey. Solutions to this problem which focus on 
the summation of habitat requirements for many-species populations do not 
provide adequate long term answers. What is required is an understanding 
of the environment as a whole as it influences the community of organisms 
using it. 	 In a review of 80 natural communities, ranging from slime 
moulds to vertebrates, Schoener (1974) identified three dimensions which 
described each community in terms of space (habitat), food and time. 
Habitat was found to be more important than the food type dimension, which 
was often more important than temporal dimensions. As Schoener (1974) has 
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revealed, sufficient ecological studies have been undertaken to disclose 
relationships between species and habitat utilization, and for some basic 
habitat attributes to be formulated across the range of terrestrial and 
aquatic environments. Such attributes need to be relevant to the majority 
of the species populations in an area and be relatively permanent features 
of the landscape. Sampling and measurement of such attributes must also 
be feasible and practicable for the manager and ecologist alike, and refer 
to the total assemblage of features within an area of land or body of 
water: geology, landforms, soil, climate and vegetation. 
Over the years numerous authors have reviewed the strategies for 
classifying land but few have attempted a review from the standpoint of 
sampling and measuring environments for surveying faunal communities. 
Mabbutt (1968) recognised three approaches to classifying land, they 
include genetic, landscape, and parametric. 	 The genetic and landscape 
approaches rely on intrinsic features of the land surface as the basis for 
subdivision. The former emphasised presumed causal factors (geology and 
landform) while the latter emphasised the integration of several 
observable attributes of which geology provided a unifying foundation. 
Parametric approaches refer to the quantitative measurement of preselected 
attributes which are perceived to be important for particular purposes. 
Land is generally described in terms of limiting factors or convenient 
class boundaries (e.g., isopleth maps of temperature, relief classes and 
aspect). 	 Mitchell (1973) presented a similar review to Mabbutt (1968), 
but grouped the 'genetic' and 'landscape' types under the 'landscape' 
approach. 
In a review of land classification approaches for the purposes 
of faunal study, Rogers (1974) adopted Mabbutt's (1968) terminology. Rowe 
(1981) proposed two types of approach to the procedure of land 
classification; 	 divisive and agglomerative. 	 These two systems were 
perceived as separate mental processes requiring 'top-down' and 'bottom- 
up' procedures respectively. 	 Essentially divisive approaches refer to 
Mabbutt's (1968) genetic and landscape types and the agglomerative type 
refers to Mabbutt's parametric type. 
Though Mabbutt's and others' reviews of land classification 
approaches, discussed above, provide a useful overview they become 
cumbersome and inflexible when applied to a review of the plethora of 
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sampling bases used for sampling habitats of fauna. Difficulties arise 
mainly because many recent approaches combine desirable characteristics of 
the above approaches, thereby making it difficult to compare methods. 
Myers (1983) recognised this deficiency and proposed a review of habitat 
literature based on the importance of sampling bases in sampling the 
environment (Figure 3). The following review will adopt Myers' framework 
focussing discussion on the type and success of various sampling bases for 
describing habitat for fauna. 	 A brief discussion of faunal survey 
objectives and environmental attributes, however, is necessary before 
discussing sampling bases. 
The need for clearly defined objectives is obvious in any 
discipline, including ecological survey. 	 Three terms of reference are 
fundamental to sampling and measurement of habitats and fauna: 
1. Area of concern: 	 does the size of the area of 
interest encompass the local, regional or 
continental level? 
2. Level of faunal complexity: will the survey aim to 
census an individual animal, a species population, 
a guild or a community? 
3. Detail of mapping: 	 at what scale(s) will the 
sampling and mapping be undertaken; small scale 
(coarse), medium or large (fine detail)? 
After consideration of these points the next step is to select what 
environmental attributes are essential and feasible to measure. 
Based on Schoener's (1974) niche dimensions of habitat, food and 
time, four main attribute classes are used to describe the environment and 
the organism(s) within it. Primary attributes refer to Schoener's 
physical and chemical factors; secondary attributes to factors relating 
to vegetation production (e.g. food and shelter); tertiary attributes to 
animal/animal interactions, not directly equivalent but linked to food, 
and time adds the dynamic dimension. These four attributes represent an 
integrated hierarchy of influence with preceding variables influencing the 
proceeding variables. 	 Such a scheme acknowledges that environmental 
gradients are not linear nor driven by single variables but rather are 
interactive. 	 It also acknowledges that animal responses to the 
environment are linked by causal pathways. Nix (1982) suggests such 
III. 	 Matrix of Environmental Units: 
Nv Vertical 
Strata 
4 	 Shrub Layer 
3 	 Ground Surface 
2 	 Fossor ial 
1 	 Aquatic 
A BC D 	  Nh 
Horizontal Strata 
Environmental Areas 
V. Survey: 
Faunal counts in 
environmental units 
VI. Analysis: 
Structure and dynamics of: 
Species populations 
Faunal assemblages 
Guilds 
Functional groups 
in their environments 
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Research Objectives: 
Scale 	 Level of biological 
complexity 
Local 	 Individual animal 
Regional 	 Species population 
Continental 	 Guild 
COMmunity 
II,a Environmental Attributes: 
1. Prime independent variables 
(climate, geology, altitude, 
slope, aspect, rainfall) 
Modified prime variables 
(microclimate) 
2. Secondary variables 
(attributes derived from 
vegetation) 
Modified secondary variables 
3. Tertiary variables 
(derived from animal—animal 
interactions) 
4. Time  
IV.b Sampling Methods: 
Array of techniques specific for 
taxonomic groups 
. Global 
. Adaptable 
. Repeatable 
. Robust 
. Time/cost efficient  
IV.a Fauna) Taxonomic Groups: 
1. Invertebrates 
2. Fish 
3. Amphibians 
4. Reptiles 
5. Birds 
6. Mammals 
[Lb 
1. 
Sampling Base: 
Unstratified 
Comments 
Too costly, except 
small areas 
II.c 
Stratified 2. Necessary for large 
areas 
i. Belt transects i. Most appropriate for 
systematic sampling 
(unknown variance) 
ii. Grids ii. Problem of size in 
relation to variance. 
3. 
iii.  Thematic patterns 
Lack of ecological 
integration and user 
understanding 
Bias inevitable 
iv. Natural patterns iv Most ecological. 
Provides common 
language between 
scientist, manager 
and user. 	 Difficult 
to quantify 
v.  Integrated patterns v. Most desirable 
II I 	 -1- 	 iv) with 
storage of date in ii 
Sampling Methods: 	 Problems 
Sites 	 Number of sites in 
relation to unknown 
variance. Selection of 
sites. Extrapolation 
Transects 
	
Number necessary to 
measure unknown 
variance. Selection of 
positions. Extrapolation 
Grids 	 Size of grid in relation 
to unknown variance 
(nesting necessary). 
Number. Extrapolation 
Figure 3: Suggested analytical approach to be used in faunal survey. 
(After Myers, Thackway and Read 1984). 
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pathways offer a useful functional grouping of environmental variables in 
terms of the major dynamic regimes that modulate plant and animal 
responses (light, thermal, water, nutrient, and abiotic). Nix's variables 
are included within Myers' primary attributes. 
a) 	 Sampling Bases 
A sampling base is an information base which is sampled. Two 
types exist, unstratified and stratified. Unstratified sampling bases 
comprise those where samples are allocated independent of the underlying 
strata, either systematically or at random. 
	 Stratified sampling bases 
utilize existing information about the distribution of known variables to 
allocate samples to particular strata. Samples may be allocated randomly 
or systematically (or representatively) within the strata. The literature 
on sampling bases for fauna emphasise the need to sample and measure 
essential and practical attributes. 	 These are further affected by the 
size of area of concern and the scale of mapping required in terms of 
objectives and feasibility. 
i) Unstratified Sampling Bases 
The literature on strict random sampling of environmental 
variables within the whole area of interest in faunal studies is 
limited. Such studies tend to be restricted to small rather than large 
areas because of the high costs of undertaking sufficient sampling to meet 
an unknown environmental variance. 
	 As a general rule smaller areas 
exhibit fewer variable changes than large areas. Southwood (1978) in a 
review of sampling methods for sampling insect populations gives two 
examples of unrestricted random sampling; Handford (1956) sampled 
grasshoppers and Howe (1963) sampled bulk stored grain for grain 
insects. 	 Workers in both these studies were sampling environments of 
relatively low spatial variability. 
ii) Stratified Sampling Bases 
Literature on the use of stratified sampling bases for sampling 
fauna is diverse. The apparent merits of a stratified sampling base are 
that it provides an appropriate basis for trading off costs and resources 
against the size and distribution of different strata and the desired 
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number of samples. For reasons of practicality and feasibility large area 
surveys generally employ a stratified sampling base, often in conjunction 
with 2-stage sampling. 	 The following review will discuss sampling 
strategies under five headings: 
1. Transects 
2. Grids 
3. Thematic Patterns 
4. Natural Patterns 
5. Integrated Patterns. 
1. Transects 
Transects provide a useful technique for measuring spatial 
diversity where information on the environmental variance is unknown. 
Sample sites laid out systematically along a line enable environmental 
attributes at each site to be recorded and classified. 	 Pielou (1976) 
describes three types of analysis developed for the purposes of 
classifying ecological series or continuous data sets associated with 
transects; 
	
analysis of variance in blocks along the transect, serial 
correlation and counting of turning points. Examples of analysis of 
variance along transects are most commonly associated with vegetation 
studies. 	 The technique was first introduced by Greig-Smith (1952) and 
subsequently applied by Kershaw (1957). 	 Serial correlation aims at 
measuring the relationship between the successive terms of a series, with 
a view to determining its oscillation pattern. 	 Steven and Glombitza 
(1972) and Platt et al. (1970) have employed this technique in the study 
of phytoplankton and other variables. The former sampled at a point over 
time and latter sampled along a transect. 
2. Grids 
The use of contiguous grids as bases for sampling and measuring 
environment has been largely the domain of the plant ecologist. Selection 
of an appropriate grid size in relation to the pattern of distribution of 
environmental attributes is an important though poorly studied area of 
faunal research. 	 Kershaw (1957) referring to different grid sizes for 
sampling plant species populations points out the trend of association 
within and between grids will always vary with different sizes of grids. 
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Valuable information on the interrelationships of plant species will be 
gained if the scale(s) of the pattern are known prior to sampling (Kershaw 
1957). 	 However, in most cases calibration of grid size is often 
overlooked in favour of a convenient size grid and an objective 
statistical analysis. 	 Clearly, grid size determination in relation to 
multiple environmental attributes is considerably more complex. The use 
of techniques to reduce the dimensionality of the data while still 
retaining an adequate representation of the variation in the data may 
offer one solution. 
In the literature three methods for compiling a sampling base 
may be recognised; sampling attributes in conveniently chosen grid sizes, 
agglomeration or blocking of a small area uniform grid size to yield 
larger cells, and calculation of the areas of all irregular polygons 
comprising an area, in all cases to determine an error function in 
accordance with successively larger grid sizes. 
2.1 	 Adopting a convenient grid size 
This method is by far the most commonly employed in the study of 
faunal habitats and environmental survey. It involves no calibration of 
grid size with the underlying patterns of the environment but rather the 
analyst adopts the regular grid drawn onto topographic or ordnance maps. 
Clearly, such an approach is arbitrary and independent of any ecological 
justification, no matter how explicitly the data may have been collected 
and analyzed. 	 Gwynne and Croze (1975) describe the use of a 10 km2 
contiguous square grid for sampling habitats of faunal populations in 
Kenya but provide no justification for adopting the 10 km2 grid cell. 
Buse (1974) used a 1 km2 grid and measured vegetation formations 
and landform variables over 322 km2. 	 Classification of these data 
revealed 7 groups, divided broadly into uplands and lowlands. 	 A 
subsequent reclassification of a smaller sub-sample of this area resulted 
in a different set of environmental classes. Buse suggested the 
difficulties of achieving similar classes for different size areas were 
due to heterogeneous habitat patches and the continous nature of the 
habitats. 	 Bunce, Morrell and Stel (1975) investigated two grid sizes, 
0.25 km2 and 1 km2, but unlike Buse (1974) varied the number of variables 
measured in each grid size. The small grids sampled 37.5 km2 and the 
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large 2 842 km2, and measured 12 and 152 attributes, respectively. This 
particular study has a number of problems. There was no standardization 
of the size of sampling area or numbers and types of attributes measured 
in each grid size. 
In a similar study to those of Buse (1974) and Bunce et al. 
(1975), Jeffers (1979) undertook a study of a portion of the British 
Isles. Jeffers adopted regular grid squares from ordnance maps, 1:50,000 
giving 1 km2 grids and 1:250,000 giving 10 km2 grids. Eighteen variables 
were measured in the 10 km2 grids and 29 variables in 1 km2 grids. 
Surrogate variables were matched at the two scales although no attempt was 
made to standardize their units of measurement. One interesting feature 
of this survey was that the larger scale environmental map described 
landform elements such as rock platforms, sand, etc., while the smaller 
scale map described landform patterns such as lochs. In other words, when 
the elements of the larger scale map were classified they did not 
amalgamate to yield patterns equivalent to those of the smaller scale 
map. 	 This phenomenon shows the importance of context in relation to 
emergent variables, indicating that agglomeration of elements may not 
necessarily yield integrated patterns at smaller scales. 
Laut and Paine (1982) in their study of the Hunter Valley, an 
area of 22,000 km2, investigated the problem of environmental scale and 
grid size. Three grid sizes were chosen in a pilot study, 1 km2, 4 km2 
and 25 km2 and a set of 8 attributes were measured in each. Although 
three grid sizes were investigated, no empirical analysis was undertaken 
to determine the optimum grid size. The basis for selection of the 4 km2 
grid was because it matched the analysts' practical cost considerations 
and their intuitive appreciation of the landscape's scale. Contiguous 
grid cells have also used in the study of small mammal guilds and to 
sample their habitat. 	 Grid sizes are chosen as a function of species 
density or biological requirements rather than on the basis of the 
underlying environmental variability. Habitat is measured in the vicinity 
of a trap site, assuming uniformity of habitat for the whole grid. Gullan 
and Robinson, 1980; Braithwaite and Gullan, 1978; and Hall and Lee, 1982 
provide some examples from a large volume of literature. Alternatively, 
Braithwaite (1984) emphasizes that an understanding of the biological 
requirements of a species are prerequisites to sampling that species' 
habitat. However, this is only feasible where information on such species 
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and its biological requirements under different environmental conditions 
are known. Clearly, while such an approach may be cost effective for the 
study of guilds, it is impractical for the survey of environment and 
faunal communities over large areas of Australia where much information is 
lacking. 
2.2 	 Agglomerating or blocking of small grid cells 
This method has been used to a large extent by plant ecologists 
(Greig-Smith, 1952 and 1964; Kershaw 1957). In its pure form it requires 
samples of a population using a uniform grid size which is smaller than 
the population clusters it seeks to measure. Increasing grid sizes are 
derived by agglomerating or blocking adjacent cells in pairs, fours, 
eights, etc. Greig-Smith (1952, 1964) observed that grid size increased 
along with the variance explained, until the variance peaked for a 
particular grid size. 	 While minor peaks may be observed, the general 
shape is unimodal. 	 Peaks in variance represent different scales of 
clumping of members in a population. 	 Normally the method is used to 
derive an explicit measure of patchiness or clumpiness in plant 
communities where no visual contagion is apparent. 
While this method is strictly applicable to single populations 
some analysts have applied it to more complex situations. Walker et al. 
(1972) measured the density of 17 woody plant species in rectangular grids 
(8 m x 20 m) within a transect giving a total of 64 cells. Adjacent cells 
were blocked by doubling cells, yielding grid sizes ranging in block size 
from 1, 4, 8, 16 and 32 cells. The method assumed that binary data for 
the 17 species comprised a total population. Variances were calculated 
for each block size and the results were used to illustrate that different 
plant species combinations became apparent at different grid sizes. 
Problems with this method include the initial sample size required to 
represent all 17 species, the variation due to different starting points 
and the constraints on interpretation imposed by blocking grids together. 
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2.3 	 Capturing existing thematic map data using geometric properties 
of regions 
This method involves the calculation of an optimum grid size 
from irregular polygon data within a previously mapped theme. Areas are 
grouped into a range of grid sizes based on the inherent pattern or 
distribution of the polygon areas. Goodchild and Moy (1976) and Crapper 
(1982) used this method to calculate the geometric properties of regions 
as a basis for determining the optimum grid size necessary to capture 
information. 	 The technique seeks to establish the minimum spatial 
resolution (of the grid cell) required to capture the pattern presented in 
the regions defined in a mapped theme. Because the grid size is small in 
relation to the general patch size, uniformity is generally achieved 
within each grid cell. Consequently the analyst is able to select any 
grid size with a known loss of information (error). It is particularly 
useful for ensuring the recovery of small patchy elements within themes. 
The approach is restricted to single population or single theme maps, and 
is not capable of determining one overall optimum grid size from several 
different populations or themes. 
3. 	 Thematic Patterns 
Thematic patterns provide the broadest range of techniques for 
stratifying the environment for sampling and measuring faunal 
assembleges. 	 A thematic pattern refers to the distribution of an 
attribute in a number of strata or classes. Boundaries may be either 
arbitrarily imposed (for example, classes of slope, altitude and 
temperature) or delimited to reflect natural discontinuities (for example 
changes in surface geology, vegetation formation types etc.). 
Stratifications include delineation of strata both in the vertical and 
horizontal dimension. 	 Vertical strata include profiles of aquatic and 
terrestrial variables e.g., temperature, vegetation structure and soil 
profiles. Horizontal strata include maps of vegetation formation types, 
surface geology and land use types. In both dimensions strata are used to 
define regions or zones which share similar internal patterns of 
variability. 
Themes may be used either singly or in combination. 
	 Single 
thematic patterns have been used longer and provide the most extensive 
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literature. 	 Many of the earlier studies which investigated animal 
distribution in relation to particular environmental attributes arose from 
'tolerance ecology', a branch of ecology popular at the turn of the 
century (Allee et al. 1949). Composite themes, though more recent, are 
becoming increasingly popular as access to computers becomes readily 
available. 
3.1 	 Single Theme Biotic Attributes 
3.1.1 	 Vegetation Formation Types 
Vegetation formation is perhaps the most frequently used base 
for sampling fauna. Formation types refer to vegetation patterns which 
can readily be distinguished on aerial photographs, at medium to small 
scales, such as the difference between grassland and a forest. Individual 
plants as such are not visible but rather it is the combined foliage 
character of the dominant upper storey species which define a formation 
type. Whittaker (1978), however, points out that in practice formation 
types delineated in air photos typically comprise combinations of plant 
physiognomy and physical environment. 
Formation types are widely used for two reasons: firstly, they 
are readily identified even by the relatively inexperienced observer, and 
secondly the ecological requirements of the animal community (feeding, 
breeding and shelter) are usually supplied, either directly or indirectly, 
by particular structures within the plant formation. 
Most reports prepared by the majority of State and Federal 
Departments use formation types as the basis for sampling and measuring 
habitats for faunal populations and communities. State examples include 
the various National Park and Wildlife Service Agencies, Museums and 
Forestry Commissions. Commonwealth Agencies include the CSIRO Division of 
Wildlife Research and the Australian National Park and Wildlife Service. 
In addition, many faunal studies commissioned for the purpose of 
evaluating the likely impacts that a proposed development will have on 
fauna, usually adopt formation types. A common feature of Government and 
environmental impact studies, nevertheless, is their lack of any analysis 
of the relationships which may exist between species and habitat. 
Typically, lists of fauna and estimates of relative abundance are 
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described for each formation type sampled. Studies are qualitative and 
overlook the need to establish a contextual sampling base in order to 
facilitate extrapolation of results to unsampled areas. 
3.1.2 	 Vegetation Floristics 
Floristic sampling bases are not as frequently used as 
vegetation formation types. The preparation of floristic sampling bases 
involves the identification of individual species and the recognition of 
regions comprising homogenous species groups. Groups may be recognized in 
the vertical dimensions as strata within a profile or in the horizontal 
dimension as a complex of species forming a mosaic which can be 
represented as a map. Floristic groups in the horizontal plane tend to 
form discrete units associated with recognizable and measurable 
environmental attributes 	 Thus, species associations are often derived or 
inferred from combinations of plant formations, topographic units, 
climatic and geologic units. This in turn facilitates extrapolation to 
unsampled areas (Gilmore 1977). 
The use of floristic groups as bases for sampling fauna range 
from reconnaissance surveys of large areas to detailed surveys of small 
areas. Braithwaite et al. (1983) in a survey of the Bombala District of 
N.S.W. used eucalypt associations as the basis for sampling mammals and 
birds. Results so far suggest that distribution and density of arboreal 
animals may be predicted for unsampled areas given the association of 
eucalypt species found in an area. The same principle appears to apply to 
bird species (Braithwaite Pers. Comm.). 	 Recher et al. (1980) used a 
similar approach to survey fauna in the woodchip areas of the N.S.W. South 
Coast. 	 Results showed that floristic associations provided a valuable 
basis for sampling and describing habitats of fauna dependent upon 
vegetation species groups for resources such as food and shelter. 
In a study of heathland habitats, Braithwaite and Gullan (1978) 
sampled a guild of 5 species of small mammals in relation to a number of 
habitat variables including plant species. It was shown that some species 
of small mammal, in different seasons, preferred different floristic 
groups, while other species showed a preference for other habitat 
attributes. 
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Beyer and Saari (1977) in a study of the effect that tree 
species have on the distribution of slugs found that slug species were not 
limited to one or a few related tree species. Some species were abundant 
in all tree types while other species were found only where deciduous 
ground cover was present. Studies of slug food selection and leaf calcium 
content indicated preferences by some but not all slug species. 
Floristic habitat classifications erected on the similarity of 
plant species associations provide a useful base for sampling and 
describing the distribution of fauna. Caution, however, needs to be 
exercised in its application to areas which may either be subject to 
regular environmental perturbation or are separated by large geographic 
distances. Frequent fires or shallow soils may cause some species to 
assume a low stunted form rather than that typical of taller canopy 
species. 	 Similarly, the same plant species separated by hundreds of 
kilometers may take the form of a tall tree in the southeast but in 
northern Australia assume the form of a low stunted shrub. 
3.1.3 	 Recent Developments in the Application of Floristic and 
Formation Attributes 
In recent years there has been a gradual decline in the strict 
reliance upon either vegetation formations or floristic types as bases for 
sampling faunal habitats. 	 Information about samples selected from a 
stratified sampling base, either floristic or formation types, are 
typically put aside in favour of measuring a multitude of other habitat 
attributes (biotic and abiotic) at sites in the field. 	 Such studies 
initially provided a basis for testing the veracity of vegetation 
stratifications, but recently more workers have emphasised multivariate 
analysis and development of habitat models as end points, rather than 
providing a general description of habitat and investigating the value of 
extrapolation with respect to unsampled areas. Shugart (1981) noted these 
developments were the result of an increased availability of high speed 
digital computers and the application of multivariate statistical 
procedures. An extensive range of multivariate studies can be found in 
Capen (1981). 
In Australia, Broadbent and Clark (1976) undertook a study of a 
diverse range of animal taxa in rainforests along the East Coast and 
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adjacent ranges. Sites were selected within Webb's (1970) classification 
of rainforests types and were sampled in the field. Analysis of numerous 
habitat attributes measured at these sites showed relatively poor 
differentiation between fauna and habitat attributes. The authors 
concluded that more sites and measurement of more species specfic habitat 
attributes may have improved the relationship between Webb's rainforest 
types and the faunal assemblages. 
Using a similar approach, Gowland (1977) selected numerous sites 
within vegetation species associations and disturbance classes (which were 
mapped onto aerial photographs)in an area of native forests of northeast 
Tasmania subjected to woodchipping operations. 	 Mammals and birds were 
surveyed and an array of 39 habitat attributes were measured at each 
site. 	 Analysis of several multivariate classifications found only 3 
attributes (vegetation height, density and spatial heterogeneity of 
foliage cover) to be reliable indicators of faunal richness. 	 The 
relationship of these three attributes to the original vegetation 
associations was not tested however, the potential for prediction of fauna 
diversity in areas not sampled was noted. 
Recher et al. (1980) surveyed the effects of woodchipping on 
terrestrial vertebrates, and used subdivisions within forest-types (Baur 
1965) as the basis for sampling fauna. Forest types were subdivided into 
dominant species assciations and formation classes (Specht 1972). 
Thirteen forest types were recognized within which several habitat 
attributes and bird and mammals were measured in the field. 	 The 
sensitivity of selected faunal species was discussed in relation to the 
loss of measured habitat features. 	 The authors concluded that 
woodchipping affects mainly those species of fauna which require tree 
hollows for nesting or as dens. 
3.2 	 Single Theme Abiotic Attributes 
3.2.1 	 Temperature 
Vertical heat gradients in both aquatic and terrestrial 
environments have a marked influence on the distribution of fauna. Such 
gradients occur in lakes, oceans, soils, forests and the atmosphere. 
Research in this area has been species specific and designed to determine 
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the tolerances and behavioural responses of species to temperature 
extremes (Allee et al. 1949). Several attempts have been made to stratify 
the environment in terms of heat budgets. 'Life zones' were developed as 
an aid to explain the distribution of fauna and plants (Merriam 1899 and 
Daubenmire 1938). Lines of equal effective temperatures, or isotherms, 
were used by Merriam to explain the distribution and quantity of available 
heat during seasons of growth and reproduction for different parts of 
North America. Allee et al. (1949) points out that certain boundaries 
coincided suggestively with the known distributions of certain animals and 
plants. 	 In addition, Allee reports that numerous authors found the 
Merriam 'life-zones' to be inadequate in certain areas because temperature 
is but one of a number of environmental factors that regulate biotic 
distribution. Nevertheless the concept has continued to be useful as a 
descriptive means for interpreting the distribution of birds and 
mammals. 	 Grinnell and Storer (1924, in Allee et al. 1949) used it to 
describe the distribution of vertebrates in the Yosemite Region of 
California. 
The response of several fish species to temperature was measured 
by Stauffer et al. (1975), who sampled sites in the vicinity of heat 
discharges at a fossil fuel plant in Virginia U.S.A. Two basic field 
responses to temperature were identified: species either avoided or were 
attracted to warm temperatures. 	 Lasker et al. (1981) used satellite 
infrared imagery to prepare maps of differential surface temperatures 
associated with oceanic current upwellings, offshore from Southern 
California U.S.A. When sampled these zones showed different anchovy life 
cycles associated with different surface temperatures. 
The distribution of animal groups in many parts of the world is 
tied to major zones of temperature gradients (Pianka 1978). 	 But when 
temperature is combined with other relevant attributes, such as elevation 
and latitude, more useful information about species distributions are 
obtained. 
3.2.2 	 Light 
Light is a complex and essential environmental factor that 
produces a diverse range of ecological responses. It is the driving force 
in the photosynthesis of carbohydrates by green plants on which much of 
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the earth's trophic foundation is built. 
	 The quantity and quality of 
light is not constant, but varies according to day and season and is 
modified by the strata through which it penetrates or is reflected, for 
example, water and vegetation. 
	 Animals in turn respond to the 
availability of light. 
	 Photoperiodicity is an important factor in the 
synchronizing of biotic productivity and reproduction. Although the 
light's quality or quantity or both influence animal movements such as 
migration and behaviour, formulation of zones for measurement and sampling 
of wildlife habitat have not been attempted except at large or localized 
scales (Fox 1979). 
3.2.3 	 Catchment Areas 
A common practice in large area, land resource surveys is to 
subdivide the region into catchment areas. 
	 Catchment areas provide a 
useful base for the measurement and sampling of water related resources, 
for example, soil erosion, pollution and fish species management. Allee 
et al. (1949) describes stream beds in terms of series substrates from the 
head waters to the river mouth. 
	 Each substrate is inhabited by 
appropriate communities of organisms. 
In general, stratification of habitat on the basis of drainage 
catchments provides an inadequate base for the measurement and sampling of 
habitat for most terrestrial faunas. Large catchments, especially, 
provide problems of measurement and sampling of faunal habitats as they 
may contain diverse gradients of habitats from high altitude snow covered 
peaks to arid hinterlands. The distribution of terrestrial fauna is more 
a function of availability of habitat and food (Schoener 1974), which are 
elements within drainage basin boundaries. 
3.2.4 	 Soil Attributes 
Numerous authors have attempted to stratify soils as a basis for 
describing the distribution of fauna (Denney 1944, Crawford 1950, Williams 
1964, and Anderson and Herlocker 1973). These studies generally conclude 
that soil/fauna relationships were neither consistent nor significant. 
The main difficulties appear to lie in the soil classifications 
themselves; either soil/animal relationships were obscured by the complex 
and irrelevant attributes of the soil classification systems or the 
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organisms themselves may have been responding to a coarser level of detail 
than that measured by soil attributes. 
3.3 	 Composite Thematic Attribute Maps 
This approach acknowledges that the habitat of fauna is 
comprised of more than one attribute. 	 Attribute maps are compiled 
separately and then overlain to produce a mosaic of habitats. Rowe (1978) 
described the approach as an 'agglomerative' procedure, which is in 
contrast to the 'devisive' (Rowe 1978) or 'Landscape' (Mabbutt 1968) 
approach which seeks to define and describe the interacting components of 
natural landscape patterns delineated on aerial photography and other 
remotely sensed images. 
Two approaches can be recognized as regards the preparation of 
composite thematic maps. 	 The first method involves overlaying 
environmental attributes without any attempt to ascribe importance values 
to either attribute maps or their classes. The second method involves 
assignment of importance values to environmental attributes or classes or 
both, with respect to their presumed importance for a particular species 
or for animal communities. 	 Farrar and Walker (1974) studied large 
herbivores in regions defined by soils, vegetation and landform. It was 
shown that soils and landform were less useful than vegetation for 
describing herbivore distribution. Porter and Gates (1969) studied 
climatic zones and their relationship to certain animals. They grouped 
attributes into homogeneous regions called "climatic spaces". Analysis 
showed these spaces were too coarse and the attributes themselves were not 
sufficiently species specific for the animals studied. 
Nix (1976) used a plant growth response model, developed 
essentially for agronomic work, to predict expected movements and breeding 
patterns of Australian birds. The model involves a composite thematic 
approach where three variable regimes, light, temperature and moisture, 
are transformed (from non-linear to linear components) and classified into 
regions of similar seasonal plant productivity. Published lists of bird 
species throughout the continent were grouped into four seasons and shown 
to be highly correlated with the regions predicted by the plant 
productivity model. 
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The second approach is generally applied to the management of 
game animals and conservation of endangered species. Attribute classes 
often reflect some limiting factor or cost margin in the management of 
habitat for a species or number of species. McHarg (1969) and Farmer 
(1982) describe techniques for evaluating the capability of land to 
support particular species. 
Berry (1977) working in the Mojave Desert, California, presents 
one such method for mapping and describing the habitats of vertebrate 
faunal assemblages. 	 Separate soils and landform, and vegetation 
formations maps were compiled using aerial photographs and described with 
the aid of ground data. 	 Published and contemporary records of all 
vertebrate records were compiled from reports and experts. Vertebrate 
species were then grouped into faunal groups with preferences for 
particular habitats. 	 The habitat maps were simplified by merging 
different map units on the basis of their perceived importance for faunal 
groups. Gaps were filled by field sampling and by extrapolating species 
occurrences. 
Both these approaches involve collection of essentially the same 
types of data, but the second method presents more difficulties for the 
survey of faunal communities. Although the importance of an attribute and 
its classes for a particular species may be known, we do not have such 
information for all species comprising all communities. Since the first 
method requires little analysis of association between attributes and 
their classes it offers a practical sampling base for faunal surveys. 
However, as computers become increasingly available, the second method has 
received greater attention. 
3.3.1 	 Landsat Imagery 
During the last decade satellite images have been increasingly 
used to measure and sample habitats for faunal studies. Satellite images 
comprise separate but simultaneous spectral images or wavebands of the 
earth's surface. Each waveband comprises a portion of the electromagnetic 
spectrum, of which visible wavelengths are a component. 
The minimum resolution of Landsat (1, 2 and 3) is a pixel 
(80 m x 80 m) and each image covers approximately 180 km2. Analysis of 
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satellite images usually involves the preparation of a composite image of 
the three wavebands, bands 4, 5 and 7, which are overlaid either manually 
or with the aid of an image processing computer. Patterns within the 
image are interpreted and classified either manually in the same way as 
with the interpretation of an aerial photograph mosaic or with the aid of 
an image processing computer. 
Evaluation of Landsat for measurement and sampling of faunal 
habitats has mainly been undertaken in Central and North America. In a 
study of waterfowl Gilmer et al. (1975) concluded that Landsat images 
provided a valuable method for rapidly assessing habitats of migrating 
waterfowl. Lavigne and Falconer (1975) were able to monitor the movement 
of pack-ice as a technique for predicting movement patterns and suitable 
breeding habitats of polar bears. 	 Other workers have used Landsat 
spectral data to prepare maps of vegetation cover themes as bases for 
predicting distribution and abundance of migratory animals. 
Thompson et al. (1980) used Landsat images, prepared with the 
aid of an image processing system, to classify habitats of the Caribou 
(Rangifer tarandus) in Canada's Northwest Territories. Fifty-four 
sampling units (cover classes) we re identified on the classified Landsat 
images which covered 90,000 km2 
	
After ground sampling, these were 
clustered to give four vegetation complexes comprising 8 vegetation cover 
types. It was shown that caribou pellet counts were definitely linked to 
each cover type and were strongly seasonal in their habitat utilization. 
Landsat images provide regular coverage and a broad regional 
perspective of an area. Research on mapping habitats for fauna to date 
has shown Landsat has several deficiencies. The first problem is one of 
scale. Animals whose habitats are smaller than the minimum resolution of 
80 m x 80 m are typically overlooked. 	 The second problem is one of 
accuracy. Landsat images do not record a 'one-to-one' picture of the 
earth's surface features but rather produce images based on reflected 
light. Consequently habitats which share similar spectral signatures are 
often indistinguishable, e.g., a flooded rice paddy and a swamp forest. 
Acknowedging these problems, Landsat users have shown that valuable 
information can be obtained for surveys of animal habitats at small 
scales, providing sufficient ground site data are collected to assist in 
the interpretation of image patterns. 
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4. 	 Natural Patterns 
Natural patterns are observed photo patterns, or unique mapping 
areas (Gunn and Nix 1977), which are delineated on aerial photography. 
Aerial photographs are perceived as heterogeneous and, through 
interpretation of them, may be dissociated or stratified into a number of 
more homogeneous parts. These parts when measured and classified provide 
another environmental sampling base for surveying fauna. Rowe (1978) 
refers to this procedure as a 'top-down' or 'devisive' approach since 
patterns are delineated from within the whole, whereas composite thematic 
patterns (Section 3.3) involve the 'agglomeration' of parts to synthesize 
the whole. 	 In philosophy natural patterns are equivalent to the 
"landscape aproach" Mabbutt (1968), the 'ecological land classification' 
approach after Rowe (1978), the 'land system approach' after Christian and 
Stewart (1953) and the 'integrated approach' Laut (1982). Wiken (1978) 
provides a useful review of these and many other systems which adopt a 
similar hierarchial divisive approach to land classification. 
The natural pattern approach is based on the assumption that 
each part of the landscape represents the end product of an evolution 
governed by geology, geomorphic processes and past and present climates. 
Pattern recognition involves a process of regionalization, whereby areas 
which share similar visible and inferred features are delineated (Mabbutt 
1968). 	 Patterns read from air photos are representatively sampled and 
visited in the field where multiple attributes are measured and classified 
to explain the occurrence of such patterns. Attributes measured include 
topography, soils, vegetation and geology. 
Christian and Stewart (1953) defined natural patterns as 'land 
systems' comprising 'an area or group of areas throughout which there is a 
recurring pattern of topography, soils and vegetation'. Components of the 
land systems, land units, were described using the same attributes but at 
finer scales. Land units are typically but not always the topographic 
elements contributing to that pattern (Laut 1981). 	 In practice small 
scale aerial photos are used to delineate land systems. 	 Larger scale 
aerial photos tend to give a more complex array of patterns than smaller 
scale photos. An exception to this is, however, the tendency for semi-
arid and arid areas to exhibit relatively simple patterns at larger 
scales. 
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In Australia the value of using natural patterns as a basis for 
sampling and measuring animal habitat has largely been overlooked. 	 In 
practice workers involved in the preparation of land resource inventories 
prepare landscape (land system) maps as if they were single thematic 
attributes, rather than an integrated ecological classification of several 
attributes (Land Conservation Council (1974) and the Department of 
Forestry, A.N.U. (1973)). 	 In such reports, fauna are sampled without 
reference to landscape patterns but rather in terms of vegetation 
formations and associations. Other workers have used natural patterns as 
a basis for sampling faunal habitats but have not tested such 
relationships (Newsome 1965, and Hooper et al. 1973). 	 Hooper et al. 
surveyed fauna in the Ayers Rock - Mount Olga (Ulura) National Park using 
land systems. 	 Faunal data for each mapped unit was obtained from 
published species lists and personal experience. Newsome used land 
systems as the basis for surveying the kangaroo (Macropus rufous). 
Differences in the numbers and distribution of the species were observed 
but no attempt was made to explain the ecological differences between the 
land systems. 
Australia's first attempt to survey fauna in relation to natural 
patterns was undertaken by the C.S.I.R.O. in 1978 (Austin and Cocks 
1978). However, the success of that survey was hindered because prior to 
the commencement of sampling fauna, no environmental stratification was 
available. 	 Consequently the association between final environmental 
patterns and faunal assembleges was less significant than was initially 
expected. Notwithstanding these attempts Myers and Parker (1975 a and b) 
working on extensive surveys of the rabbit (Oryctolagus cuniculus) in 
semi-arid regions of northwestern N.S.W., revealed that its distribution 
and abundance tended to fit particular land units and land systems. In 
this case land systems were mapped by Corbett (1972) without reference to 
wildlife. Availability of food for rabbits was also strongly associated 
with natural patterns during times of drought. 	 In the highlands of 
southern N.S.W. Parker (1977) found a similar association between rabbits 
and their habitat, but noted that the diversity of the highland landscape 
was more complex than the semi-arid landscape. In the Coto Donana region 
of Spain, Rogers and Myers (1979) found that the rabbit distribution 
exhibited similar patterns to those shown in the earlier work of Myers and 
Parker (1975). 
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Using a similar concept to land systems, Hutchings and Recher 
(1974) defined physiographic units for littoral zones in central N.S.W. 
The zones were described in terms of similar topography, soil, vegetation, 
salinity and depth of water. 	 Results showed the clear separation of 
faunal communities in terms of the zones described. Greenslade and 
Thompson (1979) in a survey of ant communities at Cooloola in Queensland 
found that different land systems supported different communities of ants. 
Workers in East Africa have made extensive use of the natural 
pattern concept for sampling and describing the distribution of fauna. 
Watson (1967 and 1975) used natural patterns as bases for sampling and 
describing the habitats of wildlife and livestock. 	 Gerresheim (1974), 
Howard (1970) and Duncan (1975) have all used natural patterns to describe 
the distribution of wildlife in preferred landscape units. Duncan (1975) 
also measured several environmental attributes within selected units and 
developed a predictive model to estimate wildlife distribution and 
abundance during particular times of the year. 
In Spain, Rogers (1974) surveyed 8 species of vertebrates 
(including 7 mammals and a bird) in relation to habitats defined by 
natural patterns. 	 Rogers found that the distribution and abundance of 
each species differed between landscape patterns and with seasons. The 
highest densities of species were recorded near the interface of different 
land systems. 
The use of natural patterns as a basis for measuring and 
sampling the environment is not new. Researchers in North America and 
Africa have long known the ecological value of the technique for faunal 
survey, habitat inventory and management. In Australia the approach has 
yet to be fully investigated, though recent preliminary results of faunal 
surveys carried out by the C.S.I.R.O. Division of Water and Land Resources 
are promising (Thackway et al. 1985). 
5. 	 Integrated Patterns 
Integrated patterns is a practical method of environmental 
sampling and measurement proposed by Myers et al. (1984). 	 It accepts 
natural patterns as the primary basis for environmental stratification. 
Transects comprising a series of sites are used to systematically sample 
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each pattern. An array of attributes are measured at each site enabling 
the preparation of a series of key thematic maps, including landform, 
drainage, soils and vegetation. 	 Both natural pattern and separate 
thematic maps can be stored in grids, the sizes of which can be determined 
as a function of boundary resolution. 	 All map data can be held on 
computer, thus facilitating ready and rapid information retrieval and 
classification of relevant data sets. Integrated patterns offers a system 
which seeks to combine the advantages of existing strategies. It aims to 
provide a practical information base for assisting in the management of 
species populations and animal communities. It is envisaged that such a 
system will be capable of rapid information updating and be interactive 
with researchers and wildlife managers alike. 
iii) 	 Summary 
The study of animal habitat involves the measurement and 
assessment of environmental attributes important to animals. Studies of 
resource partitioning between species populations do not provide feasible 
solutions to the problems of sampling and measurement of environment 
except for communities with few species. 	 Faunal communities usually 
present a more complex problem because not all species populations are 
equally censussed. Rather than a synthesis of habitat components derived 
from the study of species populations, what is required are techniques 
which divide the environment into individual strata which represent the 
functional response of the vegetation to primary driving variables. These 
subsets of environment in turn influence directly or indirectly the 
distribution and abundance of faunal communities using them (Schoener 
1974). 
An array of sampling bases has been reviewed. 	 Unstratified 
bases tend to be applied to species populations in small areas where 
habitat heterogeneity is likely to be minimal, and thus the cost required 
to sample an unknown habitat variance will be relatively low. Stratified 
bases on the other hand are typically applied to larger areas, where 
constraints of cost and time necessitate effective representative sampling 
across the variety of habitats present. Five techniques for stratifying 
the environment have been discussed: 	 transects, contiguous grids, 
thematic patterns, natural patterns and integrated patterns. 
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The problem of surveying faunal communities over large tracts of 
the land surface presents different problems for each of the five 
stratification techniques. The search for long term solutions must aim to 
develop and test techniques which provide repeatable and reliable results 
across a diverse range of environments and animal communities. Techniques 
need to be cost effective to a variety of users including the ecologist 
and manager, and be applicable to the problems of habitat evaluation for 
conservation potential and maintenance of habitat. 
	 Given these aims 
integrated patterns offer a general solution for management and 
research. 	 Where the scale dictates, natural patterns, alone or the 
compilation of composite thematic patterns offers useful alternative 
approaches. Single thematic patterns (e.g., temperature and light) fail 
to provide comprehensive ecological sampling bases for surveying faunal 
communities. 	 Vegetation formation types, however, are seen as a 
practicable and feasible solution to the difficulties of assessing the 
complex array of environmental attributes. Bunce and Shaw (1973) argue 
that vegetation formation types are sufficient for sampling ecosystems 
since they reflect the integration of a complex of environmental 
factors. This correlation between primary attributes and vegetation is 
assumed by most ecologists. 
	 Contiguous grids present numerous 
difficulties in their application to faunal survey of large areas. 
Research in the area of habitat classification thus far has largely 
overlooked the difficulties of multiple attribute variability in relation 
to different grid sizes. 
	 Furthermore, while grids have been widely 
accepted as a sampling base, there is a need to investigate sampling 
variance of faunal communities in different grid sizes. Finally, 
transects provide a useful method for accurately determining habitat 
variance within and between measured intervals, but they present a major 
difficulty in surveying large areas where identification of boundaries 
between habitats and extrapolation to unsampled areas are desired. 
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III 	 INTRODUCTION TO SAMPLING FAUNAL COMMUNITIES 
The study of faunal communities is one of the most active areas 
of research in ecology. It has long been realized that animal life is on 
the whole more abundant and varied in the tropics than in other parts of 
the world (Wallace 1878); and studies of island biogeography show that 
fewer species exist on islands than on adjacent continents (MacArthur and 
Wilson 1967). As more studies of communities are completed such patterns 
of species richness and diversity are becoming accepted as the normal 
rather than exceptions. 	 The problem is how should these general 
principles be measured across widely different taxonomic groups and widely 
variable scales of environmental gradients. 
As sampling environments is only a part of classifying them, 
faunal studies also need to distinguish between sampling and 
classification of organisms. While levels of faunal complexity may vary 
from a single organism to a species population or a community, there is a 
real need to determine where in the environment such species assemblages 
should be sampled. 
	 While unrestricted random sampling may be 
statistically desirable, it is rarely feasible in faunal survey because of 
the high costs involved in sampling an unknown variance. In practice some 
form of environmental stratification is necessary, no matter how clumsy 
(Caughley pers. comm.). The range of alternative sampling strategies are 
presented in Section II. 
A faunal community is comprised of animal populations possessing 
different environmental needs and different biological attributes. 
Population data usually exhibit a normal distribution, whereas data from 
community studies present far more complex analytical problems. 
	
A 
population can be described by its mean and variance, but such measures 
become inappropriate when describing a community, because not all species 
populations are equally sampled. 
	 The sheer enormity of the task of 
evaluating the status of each species in all their environments presents 
severe limitations in the survey of communities. It means that studies of 
species population are unlikely to yield general solutions to the problem 
beyond the guild level. Obviously some other approach is necessary. 
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Ecologists seeking to resolve the population-community dilemma 
have proposed several approaches. 
	 The first, by Fisher et al. (1943) 
described the apparent relationship between species number and number of 
individuals in a Lepidoptera community. When the data were plotted a 
'hollow curve' resulted, where the numbers of species represented by a 
single individual were very large, species with two individuals were less 
numerous and so on until only a few species were represented by many 
individuals. 	 Such communities are referred to as uncensussed (Pielou 
1969). Preston (1948), referring to Fisher et al's. work, proposed the 
use of a geometric rather than an arithmetic scale, which effectively 
created a bell-shaped log normal curve, thus enabling the use of 
parametric statistics for describing communities. Krebs (1979) points out 
two deficiencies in this, the lack of any theoretical justification and an 
untested assumption of community stability. 
A second approach involves the use of indices of species 
diversity. Several measures in use involve the quantitative assessment of 
the heterogeneity of a community, the most popular measure of which has 
been borrowed from information theory (Peet 1974). These measures relate 
to qualitative observations in much the same way as variance relates to 
quantitative measurements. 	 The problem in this approach is how to 
apportion emphasis between species richness and species abundance, because 
not all species populations are equally abundant in an uncensussed 
community. Two of the most commonly used indices are the Shannon-Wiener 
Index derived from information theory and the Simpson Index derived from 
probability theory. A good review of these and other techniques can be 
found in Peet (1974). Much debate in recent years has resulted from the 
difficulties of interpreting indices of diversity and numerous papers have 
argued that more confusion is created than is resolved (DeBenedictus 
1973). However, Noon et al. (1980) have reported on the successful use of 
a 'diversity profile', consisting of a series of indices each designed to 
describe different characteristics of community structure. A diversity 
profile enables comparison of different communities where single diversity 
indices often yield conflicting results or incomplete representation of 
the community. 
The third approach is that of pattern analysis which was 
specifically developed to handle large quantitative multivariate data 
sets. Although such techniques have for some time been utilized in the 
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analysis of plant communities (Noy-Meir and Whittaker 1978), ecologists 
studying animal communities have been slow to embrace it. 	 Unlike the 
theoretical preconditions which underlie most popular parametric, and to a 
lesser extent non-parametric statistical methods, pattern analysis 
techniques are free of such restrictive theoretical assumptions. Pattern 
analysis methods usually involve the calculation of similarity or 
dissimilarity measures between pairs of observations using a suitable 
coefficient. 	 Similarity measures may be arranged in a matrix 
(site/species) for use in an ordination and cluster analysis or both. In 
hierarchical cluster analysis sites or species are grouped together to 
form a dendritic pattern based on their composition indicated by the 
coefficients. Group levels or sizes are derived either on the basis of 
achieving some classification criteria or they are derived subjectively. 
Examples of this approach include Kikkawa (1968, 1982), Broadbent and 
Clark (1976) and Inkley and Anderson (1982). 
Although much effort continues to be invested in the development 
of techniques for describing and comparing community structure, there 
still exists a real need for standardization of faunal sampling 
techniques, otherwise results from non-standard census techniques become 
almost meaningless. 	 Sampling effort needs standardization in the 
measurement of the minimum area required to adequately represent a 
particular taxonomic group, and tactics of techniques for sampling 
particular faunal groups need to be standardized and calibrated. 
Community sampling and measurement presents numerous and 
difficult problems. 	 Population sampling and analysis do not provide 
tenable solutions because of the problem in describing uncensussed 
samples. 	 Methods which describe and measure the animal community by 
grouping together animals which share similar ecological functions must be 
analytical in terms of the total description of the community. The most 
valuable measures for faunal survey appear to lie in the use and continued 
development of measures of diversity and numerical pattern analysis. 
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IV 	 REVIEW OF ANALYTICAL METHODS 
The main analytical methods used in this study for elucidating 
environmental patterns are briefly described in this chapter. Further 
details are presented in Appendix I. Other more specialized analytical 
techniques are discussed in the relevant chapters. 
Ecologists have adopted a variety of analytical strategies to 
investigate patterns in data on habitat and fauna. In the analysis of 
habitat these range in complexity from relatively simple proportional 
measurements of selected habitat types to more complex statistical 
techniques which operate on multiple attribute data sets. 
	 Statistical 
methods may be considered to lie in two groups, parametric and non- 
parametric. 	 In general, parametric statistics assume some underlying 
probability distribution, which may or may not be a normal distribution 
(and frequently is not), and then attempts to estimate parameters (or 
functions of them) using this assumption. These parameters and the 
distribution assumptions are then used to calculate "exact probabilities" 
of these events occurring. The normal distribution is commonly assumed 
because it simplifies the mathematics. 
Non-parametric methods make little or no distributional 
assumptions and utilize simple, unsophisticated methods to estimate the 
required probabilities. 
	 In general, parametric methods require an 
interval or ratio scale of measurement whereas non-parametric methods may 
use nominal, ordinal, interval and ratio scales. 
Specific to any statistical method are particular population and 
sampling assumptions. 	 To meet assumptions for sampling known 
distributions requires strict adherence to a specific sampling tactic, 
while sampling the environment with its unknown variance needs to be met 
by a rigid agreement to a valid systematic sampling procedure (Southwood 
1978). 
The assumption of randomness is almost always violated in 
studies of habitat and faunal surveys because of the difficulties of 
removing bias. 
	 Bias occurs in sampling environment when particular 
attributes are excluded for reasons of observer preference, sampling 
intensity or restricted access. Randomness will be violated in sampling 
fauna because the probability of sampling all individuals comprising 
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populations in a community is not equal. Furthermore, faunal survey 
tactics are usually specific to particular taxonomic groups or guilds. 
Problems in sampling also arise at the level of the species population 
where individuals exhibit differences in behaviour patterns. 
Sampling communities of fauna where the data to be analysed 
consist of counts, involves discrete rather than continuous variables. 
This creates problems for standard statistical approaches because the 
majority of animal distributions in different environments is not known, 
even for particular species populations. Although it is often assumed 
that species population distributions form the typical Gaussian curve, 
Colquohoun (1971) points out that there is no substantial evidence for 
this. 
In contrast, the distributional assumptions for multivariate 
methods are much less demanding (Bradley 1968). This 'statistical 
freedom' has persuaded many ecologists to employ such methods. 	 Siegal 
(1956) presents a list of four criteria by which to judge the suitability 
of such tests. By comparison with other methods it is clear that the use 
of multivariate methods for analysis of samples from non-random 
distributions of faunal assemblages and habitats are more suitable for 
faunal survey. For these reasons numerical analysis techniques have been 
developed to analyse multivariate data sets. Standard statistics are also 
used where needed (e.g., means and variances). 	 The same methods are 
generally applicable for analysing both habitat and faunal data. 
a) 	 Description of pattern analysis techniques used in this study 
Pattern analysis, although often mathematically concise, is 
computationally tortuous and beyond the scope of hand calculation with 
anything but very small data sets. The ultimate choice of approaches will 
be determined by the theoretical implications of the various methods and 
the availability of appropriate computer statistical packages. 
i) 	 Access to and selection of numerical packages 
For my analyses I was fortunate to have access to C.S.I.R.O. 
computing facilities and expertise. A consulting agreement between the 
C.S.I.R.O. Divisions of Mathematics and Statistics (DMS) and Water and 
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Land Resources enabled me to obtain assistance with regard to much of the 
programming and statistical work undertaken. By way of this agreement 
access was gained to the powerful GENSTAT package housed in the C.S.I.R.O. 
Division of Computing Research, and to other numerical packages within the 
computing facilities of C.S.I.R.O. DMS. This arrangement provided a 
unique availability of suites of programs over similar packages outside 
C.S.I.R.O. Advantages of these facilities included: 
i) the C.S.I.R.O. Control Data CYBER 76 computer can 
rapidly process data sets too large to fit on other 
systems; 
ii) the GENSTAT and 'S' package together contain a wide 
range of alternate methods which are well 
documented and extensively tested; 
iii) the 'S' package provided a very rapid job 'turn 
around time' which led to significant cost savings 
both in total cost and project efficiency; and 
iv) the 'S' package was equipped with a graphics model 
which enabled rapid visual evaluation of the 
results. 
The final choice of programs from within the many alternatives 
available in GENSTAT and 'S' package was governed by the properties of the 
data collected and the desired result. Important data attributes were: 
i) 	 the data were entirely numeric; 
ii) several of the data sets were very large (maximally 
800 entities by 21 attributes); 
iii) the data sets were collected over narrow 
environmental ranges; and 
iv) occasionally attributes took on relatively high 
values. 
Documentation and instructions for running the programs used are 
given in the respective manuals for GENSTAT (1977) and 'S' package Becker 
and Chamber (1981) respectively. 
	
All programming and numerical data 
manipulations were undertaken in collaboration with Mr K. Malafant of 
C.S.I.R.O. DMS. 	 Descriptions of the programs used and their salient 
features are presented below. 
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b) Similarity and distance measures 
The Gower Metric (1971) was utilized to transform mixed data 
sets, comprising qualitative and quantitative variables into a similarity 
matrix. 	 Matrices were then used as input into principal coordinate 
analyses. 
c) Ordination 
Both Principal Components Analysis (PCA) and the closely related 
Principal coordinate Analysis (PCO) (Gower 1967; 	 Williams 1976), were 
used in this study. PCA utilizes sets of variables, some or all of which 
may be interconnected. 	 Its function is to construct a set of fewer 
orthogonal composite variables which are linear combinations of the 
original variables and which account for maximum variance in the original 
data set (Anderberg 1973; 	 107). The technique transforms the original 
variables to variables that have zero inter-correlations. 
Given these properties, PCA has several practical uses. One use 
of PCA is to reduce the dimensionality of a data set when observed 
variates are interrelated. This involves data reduction whereby a large 
part of the variance of the data set may be accounted for in the first few 
vectors, without serious loss of information. This can be helpful where a 
smaller set of derived variates are often required for input in cluster 
analyses. Another use of PCA is that of reducing errors or 'cleaning up' 
noisy data. In other cases PCA may be performed as an end point in itself 
rather than a means to an end. Here the analyst hopes that the derived 
components will reveal dimensions of variability in the data more basic 
than the observed variates, or more informative for descriptive purposes. 
In PCO analyses the Gower metric was chosen for two reasons: 
i) It can cope with a variety of different data types 
without any reprogramming. Data types include 
dichotomous characters (denoted by presences or 
absences), qualitative variables (denoted by class 
or order) and, quantitative variables by the range 
of the character within the population. 
ii) The positive semi-definite property of the metric 
is a prerequisite for certain types of statistical 
analyses which require Euclidean representation. 
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d) Generalised Procrustes Rotation 
The method used in this analysis was that developed by Gower 
(1966, 1975). 	 It involves using sets of coordinates, in this case 
produced from the PCO, to try to rotate and stretch them to fit a 
concensus configuration or mean set of coordinates. From this analysis we 
can find which groups of individuals differ and about which individuals 
sites they differ. 	 We can also check whether or not measurements of 
different environmental attributes utilize a different part of the 
measurement scale or not. A general outline of the theory and steps in 
the analyses are presented in Appendix I. 
Output from the Procrustes Rotation program consist of the 
variance accounted for by each vector in each data set and by the 
concensus configuration, a measure of the translation effects, residual 
measures between the data sets and residual measures for individuals. 
Optionally, sites may be plotted against the PCO coordinates for each 
configuration. 
e) Classification 
Classification procedures were applied to data sets after 
ordination techniques had been applied. In this study non-hierarchical 
and hierarchical techniques were implemented to elucidate groups of sites 
sharing similar variables. The main purpose of classification is to sort 
a previously unpartitioned heterogeneous collection of individuals into a 
series of more homogeneous sets (Pimentel 1979). Non-hierarchical cluster 
strategies operate by choosing some initial partition of the data units, 
and then alter cluster memberships so as to obtain a better partition 
(Anderberg 1973; 56). 
The non-hierarchical method used in this study involved a 
nearest sorting strategy utilizing Euclidean distance. Anderberg (1973; 
161) describes this method as Forgy's method with Jancey's variant. More 
specifically, the method involves a series of classification stages where 
each seed point is found by reflecting the old seed point through the new 
centroid for the cluster (Anderberg 1973). A program was written to group 
individuals into a series of different groups from 1 to 10; 	 this was 
reduced where the number of individuals was less than 10 members. After 
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individuals were clustered in K groups the sum of deviations from the 
cluster centres was calculated to produce a measure of the 'fit' for the K 
groups. The sum of deviations gives a measure of change from one group 
size to the next, thus elucidating which is the 'best' number of groups 
for the data set. In this analysis approximate F distribution statistics 
were calculated to indicate significant changes between groups. 	 In 
general the largest reduction will be achieved from the first to the 
second groups, and the smallest value of the objective function where each 
individual belongs to a group containing only itself. The optimum number 
of groups was chosen where a large F value was observed with a reasonable 
number of groups, taking into account the number of singleton groups 
produced for any particular cluster. 
Output from the non-hierarchical programs comprised, individuals 
grouped into a series of different K partitions and the sum of deviations 
from the cluster centres for each partition. 
The hierarchical method used in this study was a complete 
linkage method which clustered distance matrices calculated using the 
Euclidean distance measure. 	 This method involves the linking of all 
entities in a cluster to each other across some maximum distance or 
minimum similarity (Anderberg 1973). The program 'hclust' in 'S' package 
was utilised for this purpose. The output from 'hclust' consist of the 
cluster height or distance between clusters merged at successive branches, 
the order of the original entities and a plot of the sites ordered within 
a dendrogram. 
f) 	 Correspondence and biplot analyses 
Correspondence and biplot analyses both operate on the matrix of 
site by species counts. Correspondence analyses, unlike biplot analyses, 
is appropriate to non-negative data, for example tables of counts. 
Correspondence analyses unlike biplot analyses does not seek to explain 
causal relationships between species and sites but rather it seeks to 
indicate response or association between groups of sites and species. 
Correct employment of these techniques should be with the intent of 
'studying the data' rather than using them in a statistical analyses of 
the data or using them to test for significance in the data. The presence 
of associations or structure between the sites and species is represented 
47 
in the two-way (contingency) table of presence/absence. 
Output from these techniques include the percentage of the 
variation explained by successive dimensions and various plots. Plots may 
be used to illustrate the coordinates of sites and species in the 
different axes. Correspondence tables may be studied to elucidate general 
patterns between sites and species and investigate a priori groupings of 
sites and species in relation to those groups derived from this analyses. 
g) 	 Shannon-Weiner Species Diversity Index 
The Shannon-Weiner index was used to compare bird species 
diversity in different groups within different environmental strata. The 
index is derived from the number of species and the relative abundances of 
each species in a sample. 	 Originally the Shannon-Weiner index was 
developed in the field of information theory as a basis for comparing the 
evenness of abundances in different collections (Peet 1974), and was 
proposed by Shannon (Shannon and Weaver 1949). An alternate information 
measure, the Simpson index (Simpson 1949) was not employed in this study 
because it measures the dominance of species rather than the evenness of 
individuals among species (Peet 1974). 	 In any case, the Simpson index 
under most conditions gives a measure which is the inverse of the Shannon-
Weiner index (Debenedictis 1973). 
In this study we use as data all the species and individuals 
encountered at each site, and partition the sites into treatments for 
analysis of the different sampling bases. We are unable to identify all 
individuals at a sample site but consider the point census method gives a 
moderately random sample of the species individuals in a bird community 
for any habitat. The measure used is given below: 
HI = S 	 i  P. log p  
i=1 1  
where s is the number of species in the sample, and pi is the proportion 
of the total number of individuals consisting of the ith species (Shannon- 
Weiner 1949). 
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h) 	 Diagnostic analyses 
The interpretation of cluster groups after a classification does 
not, in itself, exhaust the information content of the data. When the 
similarity measure is additive over attributes then the contribution of 
the individual variable to each hierarchical fusion must be available for 
the classification calculation. By saving these values, they may indicate 
hitherto unseen intervariable relationships. Such analyses can provide, 
for each specific fusion, an attribute type and identification number, its 
within groups mean and variance, the number of entities contributing to 
that mean, and the contribution of each attribute to the similarity 
measure used (Lance et al. 1968). 
In this study group means and variances were calculated for 
particular fusion levels using both GENSTAT and 'S' package. Mean values 
were then used as input into plotting programs to elucidate the 
contribution of each variable to the group mean. Plots of group means 
include star symbols and Chernoff faces (Chernoff 1973), both of which 
were prepared using 'S' package. Such visual appraisal aids as these not 
only allow examination of within classification groups but they enable 
complex sets of multiple attributes to be rapidly and sensibly compared. 
Once classification results are obtained for different sets of 
data for the same sites, comparison of these groups is achieved by 
examining the association between groups. One method involves tallying 
the frequency of each partition between the classification sets to form a 
cross tabulation or two way table. The structure of the two way table may 
then be used as input into a contingency table where the association 
between partitions can be investigated using the mean contingency and chi- 
square statistic (Borko et al. 1968). 	 Rand (1971) offers a different 
approach, that is, focussing on the joint membership of pairs of data 
units in the two partitions. A binary distance measure may then be used 
to compare the association of pairs (for examples of some of the different 
coefficients available see Legendre et al. 1983). 
The numerical methods described above and further eludicated in 
Appendix I provide only a brief overview of the methods employed in this 
study. 	 In the sections which follow, five broad steps detailing their 
application may be recognised (Table 1). 
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Table 1 Five steps which summarize the numerical methods used in the 
analyses of the data 
Steps Numerical Methods (Analytical Techniques) 
1. Preparation of environmental 
sampling bases for natural 
patterns and systematic grids 
2. Analyses of ground site 
environmental data measured 
in each of the sampling 
bases 
3. Analyses of ground site 
avifaunal data measured 
in each of the sampling bases 
4. Comparison between environmental 
sampling bases and ground site 
data sets 
5. Comparison between environmental 
sampling bases and ground site 
avifaunal data sets 
Ordination and classification - 
(PCO, PCA) 	 (Hierarachical and 
Non-hierarchical) 
Ordination and Classification 
(PCA) 	 (Hierarchical) 
i) 	 Proportional counts and 
Contingency table analyses 
i) Ordination - Generalized 
procrustes rotation 
ii) Contingency Table analyses 
Chi square 
i) Contingency table 
analyses Chi square (species 
v's sites) 
ii) Correspondence and Biplot 
iii) Species diversity 
iv) Species recruitment curves 
v) Contingency table analyses 
(type, group, guild, 
distance) 
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V 
	
METHODS 
a) 	 Selection of a Study Plot 
i) 	 Preliminary survey 
Preliminary mapping by the survey team (Gunn 1985) delineated on 
1:50,000 scale aerial photographs one hundred and twenty nine distinctive 
terrain patterns controlled largely by landform and vegetation. 	 The 
mapping units (MU) thus delineated were described and later amalgamated or 
split on the basis of analyses of attributes measured at representative 
sites in them. The final product of those analyses was a map illustrating 
33 land systems (LS) and their written descriptions plus a detailed 
description of land units. The land system (Christian and Stewart 1968) 
describes an area of land throughout 
geomorphological origin. Christian 
all significant factors - landform,  
which there is a common geological or 
et al. assigned equal importance to 
soils, vegetation, drainage, climate 
and the impact of man. They defined the land system as "an area or group 
of areas, throughout which there [was] a recurring pattern of topography, 
soils and vegetation." 	 The recurring pattern was caused by the 
distribution of land units, areas having a distinct and relatively uniform 
combination of topography, soil and vegetation. 
Following a period of familiarization of the 1:50,000 scale 
aerial photos and MU descriptions, boundaries of the MU's were transferred 
onto a set of 1:27,000 scale aerial photos for field use as base maps. A 
comprehensive examination of 1:27,000 air photos was undertaken to 
determine which areas were representative and which were of special 
interest. 	 Discussions with the environmental mapping team during this 
stage greatly assisted in planning because of their knowledge of track 
access, area of special interest and environments which, since the 
photography was flown, had been badly burnt. Following these discussions 
the area was divided into seven broad physiographic regions within which a 
series of representative sites were selected, strategically located along 
transects on all-weather tracks to sample the main mapping units and areas 
of special interest. Between December 1981 and mid-May 1982, prior to the 
commencement of the work described in this volume, an extensive, general 
survey of vertebrate fauna was carried out (Thackway et al. 1985). 
51 
The primary consideration in choosing a study plot was to be 
able to satisfy the main objective of the study, which was to investigate 
the value of two different land classifications (as measured by systematic 
grids and in natural patterns) as sampling bases for faunal survey. On 
the basis of experience gained in the general survey mentioned above, an 
8 km2 plot, with the following characteristics, was chosen on the eastern 
side of the Clyde River (Figure 4. Enclosed in a pocket in the back). 
i) It comprised a diverse array of environments 
typical of those found throughout the Tianjara 
area. 
ii) It contained a distinct gradient of habitat 
complexity, increasing from west to east. In the 
west the terrain is low to rolling covered by wet 
to dry heaths, the central portion grades into 
steeper incised slopes covered by eucalypt forests, 
and to the east the terrain varies considerably 
between sheer cliffs sheltering rainforest, to 
rocky platforms and incised drainage depressions 
supporting complexes of sedgeland and open forests. 
iii) It provided relatively easy 'off road' access to 
within 1.5 km of most sites. 
iv) It provided an area sufficiently remote from 
conventional or two wheel drive vehicles to 
minimize the risk of vandalism to permanent site 
markers. 
Preparation of Environmental Sampling Bases 
Mapping and Classification of Systematic Grids 
In this part of the study an analysis was undertaken to 
determine the optimum size of square grid cell for measuring environmental 
scale. The approach adopted was similar in philosophy to that of Laut and 
Paine (1982), but required several modifications due to differences in 
scale of mapping and choice of variables. A schematic summary of the 
approach is provided in Figure 5. 
1. 	 What grid sizes are appropriate? 
Six contiguous grid sizes were selected to cover the study plot 
100m2, 200m2, 300m2, 400m2, 500m2, 1,000m2. These sizes provided 
Nif 
SELECTION OF APPROPRIATE 
GRID SIZE 
REVIEW OF ENVIRONMENT/ 
LANDSCAPE STUDIES 
AND STATISTICAL TECHNIQUES 
SELECTION OF 
DATA COLLECTION DATA 	 HABITAT 	 CLASSIFICATION GRID CELL 
AREA 
	
SOURCES ATTRIBUTES PROCEDURES 	 SIZES 
GRID CELL DATA CODING 
DATA BASE 
GRID CELL CLASSIFICATION 
MODIFICATION OF 
CLASSIFICATION 
PROCEDURE 
V 
EXPERIMENTATION 
WITH GRID CELL 
SIZES 
ANALYSIS AND EVALUATION OF 
GRID CELL CLASSIFICATION 
WHICH ATTRIBUTES CONTRIBUTE 
WHAT TO DIFFERENT GRID SIZE 
CLASSIFICATIONS 
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Figure  : Schematic representation of the procedure used to compile the 
systematic grid sampling base from different grid sizes and 
environmental attributes. 
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sufficient range to investigate such questions as loss of information, 
ease and cost of information capture, and data classification. The 
Australian Map Grid (AMG) provided the basis for arbitrarily dividing the 
area into contiguous grids (see Figure 6). 
Not all the six grid sizes chosen were equally divisible into to 
divide the 8 km2 study area. 	 This occurred with the 300m2 grid cell 
array, where ninety-eight 100m2 cells, or about 12% of the area, was 
excluded from data capture because only portions of cells were 
available. The number of cells per grid size, and the numbers of 100m2  
cells per grid size, as well as the areas of each grid size are provided 
in Table 2. 
2. Environmental attributes (Map data) 
A set of 7 groups of attributes was selected to describe 
environmental location, elevation, slope, stream density, aspect, presence 
of cliffs and vegetation formation types. Subdivision of these seven 
groups yielded 21 attributes (Table 3), which were used in the analyses of 
each grid size. 
These represented the primary and secondary environmental 
attributes responsible for the outward appearance of landscape or habitat 
(Myers et al. 1984). All attributes other than vegetation formation types 
were derived from the Tianjara 1:25,000 scale topographic map sheet (8927-
1-5), within AMG lines 53 to 57 east and 01 to 03 north. Vegetation 
formations were interpreted from 1:27,000 scale black and white aerial 
photographs using photo pattern characteristics. Geologic data from the 
1:250,000 scale Geologic Map series was examined but was considered too 
coarse to be included in this scale. 
3. Data capture 
Environmental attributes were recorded independently from each 
cell so as to reduce unnecessary observer bias introduced from the 
surrounding cells. This was done by preparing two sets of six masks, one 
for capturing data from the topographic map and the other for the 1:27,000 
scale aerial photos. Each mask comprised a window cut in a piece of thin 
cardboard. For the purposes of recording multistate attributes a piece of 
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Figure 6: Sketch of the six grid sizes (in m2  units) illustratip their 
relative proportionality to each other and to the 8km study area. 
Grid cells use subdivisions of the Australian Map Grid (1 
kilometer grid squares). 
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Table 2 Numbers of cells for each grid size and their area (ha) 
Grid Size 	 100m2 	 200m2 300m2 400m2 500m2 	 1000m2  
Number of cells 800 200 78 50 32 8 
Number of 100m2 cells/cell 1 4 9 16 25 100 
Number of 100m2 excluded 
from coding 98 
Area/Cell (ha) 1 4 9 16 25 100 
V 
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Table 3 List of the environmental attributes measured within each grid for 
the six grid sizes 
Attribute 	 21 Attributes 	 Usefulness 
Groups 
a. Location 
b. Elevation 
c. Number of 
contours 
d. Slope 
e. Streams 
f. Aspect 
g. Vegetation 
cover 
Grid reference 
*easting 
*northing 
1 *highest contour 
2 *lowest contour 
3 *northern axis 
4 *southern axis 
5 *eastern axis 
6 *western axis 
7 *slope % over 
100m (i.e., 4mm at 
1:25,000). In small 
cells measured across 
diagonals and large 
cells measured the 
steepest slope 
8 *slope % over 250m 
for cells 300m2 to 
1000m2. 
9 *Presence of a cliff 
within a cell 
10 *Measured as numbers 
of streams passing 
through the cell and 
not through a side 
Measured as a 
percentile (one 
fifth). 
11 *exposed 
12 *intermediate 
13 *sheltered 
Measured as a dis-
ordered multistate 
14 *rockland 
15 *dry heath 
16 *sedgeland 
17 *wet heath 
18 *open woodland 
19 *woodland 
20 *open forest 
21 *rain forest 
Important for plotting 
classification results and 
referencing 
Useful for determining relative 
relief and mean slope 
Useful for determining landform 
heterogeneity (e.g., N=2, E=2, 
S=0, W=1) 
Useful for understanding 
landform heterogeneity 
Index of habitat heterogeneity 
Index of faunal habitat for 
rock dwelling species 
Provides a valuable measure 
of hydrologic complexity 
Provides a useful index of 
exposure from solar radiation 
Provides main requirements 
for animal habitat (i.e., 
shelter and food). 
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thin clear film marked into 5 equal segments was fixed over the windows to 
assist the operator in estimating proportions (see Figure 7). A series of six 
contiguous square grid overlays for each grid size were prepared on thin clear 
film so as to assist in the systematic collection of data from the topographic 
map. A contiguous grid of 100m2 was transferred permanently onto the 1:27,000 
scale air photos with the aid of a stereo zoom transfer scope and a map 
'pricker'. 	 Radial distortion in the aerial photos was compensated for by 
using the stretch capability of the transfer scope. 
The procedure used to capture data for each grid size array involved 
overlaying the appropriate contiguous grid over the topographic map or aerial 
photograph, on which the appropriate mask size was then overlain. Data were 
systematically captured from the bottom left hand side moving to the right for 
each successive line. Elevation, contours, slopes and stream density were 
recorded as numerics, while aspect and vegetation formation types were 
recorded as disordered multistates (Clifford and Stephenson, 1975). Cliffs 
were recorded as either present or absent. Cell location was obtained by 
recording eastings and northings for each cell so as to assist with plotting, 
as well each cell for each grid size was given an identifying number to assist 
with referencing. Data were coded onto computer coding sheets, to facilitate 
easy storage. Analysis and presentation of results were done by computer. 
A field trip was undertaken at the completion of the data collection 
phase to investigate the accuracy of the vegetation formations interpreted 
from the 1:27,000 scale air photos. Sixty five (100m2) sites were selected, 
representing each of the photopatterns recognized. Where practicable sites 
were placed 100m apart along transects and close to roads. 
In the field the positions of sites were identified with the aid of 
aerial photos and linear features such as cliffs, creeks and roads. 	 Two 
observers were used to ensure accurate orientation and distance measurement. 
This involved a stationary observer equipped with a compass and 'ranging' 
range finder (Model No. 620), and is similar to that described by Anderson 
et al. (1976:4). Sites were permanently flagged with a distinctive coloured 
tape, as was the trail between sites. 
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Figure 7: Sketch of the mask and contiguous grid overlay used to encode data 
from topographic maps and aerial photographs. 
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At each site the dominant stratum was assessed and the projected 
foliage cover and height estimated using the technique described by Walker 
and Tunstall (1981). A site comprised a 50m radius about the observer. 
Data were coded on a computer coding sheet to facilitate easy storage and 
manipulation. 	 Data for 16 sites from Nicholls 1984 (unpublished data) 
were also used giving a total of 81 ground sites. Ground site data were 
grouped into Nicholls (1983) 10 structural types and cross tabulated 
against the eight air photo formation types. 
Examination of Table 4 reveals a strong association between the 
two classification sets. 	 Results below are presented in terms of the 
success with which the photopattern formation types were depicted by the 
ground site groups: 
Sedge land: 	 this formation was somewhat confused 
with wet heath and to a minor extent 
with moist and dry heath 
Wet Heath: 	 this formation was confused with 
Nicholls' moist heath. Minor 
misclassifications occurred with 
sedgeland and dry heath. 
Dry Heath: 	 this formation was a faithful 
descriptor of Nicholls dry heath; 
however, some confusion occurred with 
moist heath. 
Rockland: 	 Rockland was primarily depicted by 
dry heath but was confused with moist 
heath, mallee, tall heath and patches 
of open woodland. 
Open Woodland: 	 this formation was confused with dry 
heath, open forest and woodland. 
Woodland: 	 this formation was confused with open 
forest; minor misclassification also 
occurred with patchy dry heath. 
Open forest: this formation was generally a 
faithful descriptor; however, some 
confusion occurred with woodland, 
open woodland and rainforest. 
Rainforest: 	 this formation was depicted by open 
forest and rainforest. 
Table 4 Cross tabulation of vegetation formation types derived from air photos with those sampled and measured on the 
ground. 
Vegetation structural types (after Nicholls 1984) 
Air photo Sedgeland Wet Moist Dry Mallee Tall Open Woodland Open Rainforest Total 
formations heath heath heath heath woodland forest 
Sedgeland 3 3 1 1 8 
Wet heath 1 5 12 1 1 20 
Dry heath 1 4 8 1 14 
Rockland 2 5 2 2 1 12 
Open woodland 2 3 1 2 8 
Woodland 1 3 5 9 
Open forest 1 2 4 1 8 
Rainforest 1 1 2 
Total 4 9 19 18 2 2 7 6 12 2 81 
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These results suggest that, where sufficient ground site samples 
were taken, most formation types as mapped on aerial photos were 
classified 
heathlands 
vegetation 
recognised 
mallee and  
similarly on the ground. The abundance of samples within 
reflects their predominance within the study area. 	 Three 
structural types identified by Nicholls (1983) were not 
in the photo mapping exercise, these include moist heath, 
tall banksia heathland, which were not defined because the 
scale of the photos was too small to recognise the structural divisions. 
Fire 'foot prints' caused some confusion especially where a recent fire 
produced a similar photopattern for different formations, thus making 
differentiation between formation types impossible on pattern alone 
(e.g. dry heathland and rockland, and wet heathland and sedgeland). 
Open forest, woodland and rainforest were relatively well mapped 
on the aerial photos but too few samples meant that the associations are 
not conclusive. Rainforests though comprising only a minor area in the 
study plot, were difficult to sample because they were situated below the 
main escarpment. 
The results of Table 4 reflect the differences between the 
scales of measurement on photos and the field and the quality of the 
photos available. Although photopatterns do not recognise all structural 
types or define them precisely, the formations mapped from photos are 
sufficient to define broad formation types. As a result, the formation 
types as mapped were adopted for use in the analysis without changing the 
boundaries or classifications. 
4. 	 Analyses of the map data 
Two separate analyses were employed to examine the 
characteristics of the map data collected in different grid sizes with the 
objective of: 
i) Selecting an appropriate grid size in relation to 
environmental scale and complexity, and 
ii) Assessing the relative importances of environmental 
variables and their change with varying grid size. 
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4.1 	 Selection of an appropriate grid size for determining 
environmental scale 
In these analyses four methods were employed to investigate the 
structure of the map data. 	 Three of these methods used ordination 
techniques to summarise the variability of the data sets and the fourth 
method used a non-hierarchical clustering strategy to cluster the reduced 
sets of coordinates derived from ordination. 	 The three ordination 
techniques included: Principle Coordinates Analysis (PCO) which operated 
on the relationship between individuals or grid cells, Principle Component 
Analysis (PCA) which operated on the relationship between variables 
measured into grid cells, and a Procrustes rotation analysis (Gower 1975) 
which operated on vector coordinates from the ordination analyses. 
In all four methods statistical similarity or dissimilarity were 
used as indicators of the 'best' or most appropriate grid size. Where no 
such statistical evidence was apparent more general considerations 
relevant to the problems of regional survey were used to evaluate the 
results and determine the appropriate grid size. Such criteria include 
costs of data acquisition and analyses, and loss of information. 
4.1.1 	 Ordination 
4.1.1.1 	 Variance accounted for by PCO analyses 
The data from all grid sizes were analysed separately using the 
PCO technique, except for the 100m2 grid, which was not analysed because 
of the problems and costs associated with storing and analysing such a 
large similarity matrix (800 x 800). Since the 100m2 grid did not offer a 
practical sampling base for environmental mapping because of cost, the 
first eight dimensions for each data set from the larger grids were 
calculated and the variance accounted for by each vector was tabulated and 
plotted. (For more detail on the PCO method see Section IV.c). 
4.1.1.2 	 Variance accounted for by PCA 
The environmental data set for each grid size was analysed 
separately using correlation matrices. The original set of 21 variables 
was reduced by one variable, percentage slope over 250m, because it was 
not measured in the 100m2 grid size data set. However, this variable was 
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incorporated in later analyses. Correlation matrices were then used as 
input into six separate PCA's for the different grid sizes. The first 8 
dimensions for each grid size were calculated and the variance accounted 
for by each vector was tabulated and plotted. (For more detail on the PCA 
method see Section IV.c). 
4.1.1.3 	 Procrustes rotation 
This analysis sought to reveal which grid size was most 
dissimilar to the 100m2 grid data set. It measured the apparent loss of 
information when using larger grid sizes, based on the assumption that the 
100m2 grid size held the most information. 	 The analysis involved a 
technique similar to the Procrustes rotation approach of Gower (1975) 
(Section IV.d). A single rotation matrix comprising 20 variables by 8 
vectors was derived from analyses of the five smaller grid sizes. The 
original values for each of the grid sizes were then multiplied by their 
respective reduced coordinates from the rotation matrix, on the assumption 
if two grid cell sizes have a similar correlation structure between the 
variables, then the coordinates produced should be similar. The relative 
"distances" between the two configurations were calculated as the 
Euclidean distance using rotation/reflection/scaling. This produces a 
symetric matrix of distances between each of the five grid sizes. 
These "distances" were then weighted to standardise the 300m2  
grid with the other grid sizes. This was necessary because the 300m2 grid 
sampled only 87.8% of the area sampled by other grids. The weighted means 
were then plotted and examined. The data for the 100m2 grid, relative to 
the other grid sizes, may then be either analyzed or plotted. 	 The 
smallest distance from the 100m2 is that which is most similar to the 
detailed 100m2 grid. 
4.1.2 	 Numerical classification 
4.1.2.1 	 Non-hierarchical clustering of PCA coordinates 
Reduced coordinate sets derived from PCA were used as input into 
a nearest centroid sorting strategy (Forgy's and Jancey's Variant: 
Anderberg 1973). More details are presented in Section IV.e. Programs 
were written to group cells of each size into a series of group sizes from 
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1 to 10 groups. This, however, was reduced to 8 groups for the 1000m2  
grid which had only 8 individuals. After cells were clustered into K 
groups, for all grid sizes the 'best' number of groups was found and plots 
were prepared to show the distribution of the groups in the study area. 
Group means and variances were calculated and provided information on the 
main environmental variables comprising each group and their variability 
relative to the group mean. The distribution and description of groups 
and the association between environmental groups were all examined as 
indicators of the 'best' grid size to represent environmental scale and 
complexity. 
As a result of the above four analyses the 300m2 grid cell was 
found to be most appropriate for sampling the environment (see 
Section VI). Hierarchical clustering using the euclidean distance metric 
was not employed to determine an appropriate grid size because it requires 
large unwieldy distance matrices for the smaller grids. 	 Hierarchical 
clustering was employed later however, to provide a comparison between 
clusters of grid cells in the 300m2 grid cells derived by non-hierarchical 
analysis. 
Examination of these clusters of cells and their configurations 
showed no obvious difference between the two classification methods. 
Based on this result hierarchical clustering was adopted because it was 
more accessable in S package (Section IV.h) along with other graphical 
display routines for plotting the results of the classifications. 
4.1.2.2 Hierarchical cluster analysis of the 300m2 map data 
The set of reduced coordinates derived from a PCA of the 20 
variable correlation matrix, and used in the non-hierarchical cluster 
analysis, were also used as input into a hierarchical cluster analysis. 
Euclidean distances were calculated between the PCA scores which were then 
used in a complete linkage hierarchical sorting strategy (see Section IV.e 
for more details). 	 Output from the cluster analysis comprised cluster 
heights at which similar individuals were merged. These were plotted as a 
dendrogram and the tree cut to form 6 groups, this number being consistent 
with the same number found from the non-hierarchical sorting of the same 
data (see Section IV.e). Group means and variances were calculated and 
means were plotted as star symbols and Chernoff faces. 	 Grid cells 
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comprising the groups were plotted onto a map of the study area to 
illustrate their spatial relationships. 
4.2 
	
Determining the effect of increasing grid size upon 
environmental description 
Where multiple and often complex sets of variables are 
summarized as principle components it is important to know which variables 
are contributing what information to the derived axes. In this study it 
is important to examine if changing grid size has an effect on 
combinations of the variables included. Such an investigation should also 
reveal which variables act as main discriminators and which are redundant. 
Important combinations of variables in PCO analyses were 
detected by calculating an 'F' statistic using a regression approach. For 
each variate, in each grid set, an 'F' statistic was computed as if the 
variate and the coordinate vector were independent. While this is not a 
valid assumption, because the exact distributions of the 'F' values are 
not known (GENSTAT manual Ch. 8 8p.6), it does provide a rank of the 
variates in order of the importance of their contribution to the 
coordinate vector. Important variable combinations in PCA analysis were 
recovered by tabulating vector loading scores for each vector of each grid 
size. 	 For both PCO 'F' statistics and PCA loadings, only the first 5 
vectors were investigated; beyond this it becomes difficult to ascribe 
meaning to or interpret the vectors. 
5. 	 Evaluation of suitability of 300m2 grid cell to sample 
environment on the ground 
5.1 	 Numbers of sites and their distribution 
In order to evaluate the suitability of the 300m2 grid cell for 
sampling the environment of the study area, a series of environmental 
attributes was measured at sites on the ground. 
	
Because of the 
difficulties usually encountered in field sampling, typically due to 
inclement weather conditions, planning the numbers of samples and duration 
of the sampling interval was left as flexible as possible. Initially it 
was decided that 90 sites could feasibly be sampled in one half of a month 
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of field work. Of these, 78 were allocated in a centric systematic manner 
in the 300m2 cells and an extra 11 were allocated representatively to the 
smallest cell groups (Table 5) to ensure adequate sampling of 
environmental variability. Since analyses showed that the addition of the 
11 representative sites added nothing to explanation of variance, they 
were subsequently dropped from further consideration. For the analyses 
which follow, each site is an area of 50m radius about the centre of each 
300m2 cell, and is, for practical purposes, accepted as being equivalent 
to the 100m2 cell which it almost fully describes. 
5.2 	 Field identification and marking of sites 
The 1:27,000 scale aerial photos and the 1:25,000 scale 
topographic map were used as base maps to locate sites in the field. On 
the ground, sites were located with the aid of clearly identifiable 
habitat features such as cliffs, creeks and roads. 	 In habitats where 
recognizable features were minimal or absent, a datum or reference point 
was established from which to advance. Distance measurements were made by 
pacing or with the aid of the vehicles' speedometer, and a compass was 
used to obtain bearings. 
Permanent metal site markers were placed at 300m intervals and 
coloured flagging tape was used to mark the direction and location of 
sites situated within each 300m2 grid cell. Flagging tape was tied to 
vegetation, while permanent markers were either nailed to trees or mounted 
on metal electric fence droppers driven into the soil. 
5.3 	 Site attributes 
5.3.1 	 Measurement and description of site attributes 
A list of 29 variables derived mainly from the ecological 
literature dealing with studies of resource utilization in faunal 
communities and populations was compiled (Table 6). General site 
variables included, such attributes as slope, aspect, time since last 
fire, free water and exposu re. Vegetation variables included attributes 
such as the number, height and cover of particular species and percent 
fruiting and flowering. 	 For purposes of easy data collection and 
referencing, a proforma was prepared for recording in the field. 
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Table 5 Allocation of 89 sites to the 300m2 grid cells. 78 sites were 
allocated using a centric systematic approach, the remaining 11 
sites were allocated representatively within the smaller 300m2  
grid cell groups. 
Grid cell 	 Allocation 	 Allocation of the 	 Total 
groups* 	 of the 78 sites 	 11 extra sites 	 sites 
allocated 
systematically 
in the 6 
habitat strata 
allocated 
representatively 
to mainly smaller 
groups 
A 
B 
3 
21 
- 
- 
3 
21 
C 4 2 6 
D 27 - 27 
E 18 5 23 
F 5 4 9 
78 11 89 
* 	 Environmental strata derived from a non-hierarchical clustering 
of the reduced PCA coordinates (see Section V.b.i.4 for method) 
for the 78 grid cells. 
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Table 6 The list of general environmental and plant species attributes 
measured at sites in the field 
Attribute Number 
	
1 	 Site Number: (1 to 800) 
	
2 	 Grid Reference: (six digit 1:25,000 topography map) 
	
3 	 Date: day, month and year 
General Environmental Attributes 
	
4 	 Slope: degrees from base of slope 
	
5 	 Time since last Fire: 
(i) 5 years 
(ii) 5-10 years 
(iii) 10 years 
	
6 	 Leaf litter abundance (leaves, bark and twigs): % area 
	
7 	 Leaf litter depth: (cm) 
	
8 	 Combustibility of ground organic material and lower strata 
(not litter): % area 
	
9 	 Log density: No. 50/m2  
	
10 	 Log decomposition: % decomposition 
	
11 	 Microrelief: stones and rocks 
(i) isolated stones 
(ii) rock outcrop - small and scattered not contiguous 
(iii) rock outcrop: contiguous and extensive 
	
12 	 Stag density: No. 50/m2 (Girth 15 cm SDBH) 
	
13 	 Free water: 0/1 (within 50/m2) 
(i) surface water; pools or depressions 
(ii) surface water; flowing 
	
14 	 Exposure to prevailing winds 
(i) low 
(ii) moderate 
(iii) high 
(iv) very high 
	
15 	 Aspect: degrees from north 
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Table 6 (Continued) 
Plant Species Attributes 
16 	 Fire scars: No. 50/m2  
17 	 No. of large holes in tree branches or boles (10cm dia) No. 
50/m2  
18 	 Girth: measured at breast height (tallest stratum only) 
19 	 Fruit abundance: % of plants 
20 	 Flower abundance: % of plants 
21 	 Number of trees: No. 50/m2  
22 	 Height of each stratum: Av. 50/m2 (e.g. trees, shrubs, 
grasses) 
23 	 Crown separation: Av. 50/m2  
24 	 Crown type: Av. 50/m4  
25 	 Crown Cover: Av. 50/m2  
26 	 Foliage Cover: Av. 50/m2  
27 	 Species: Four dominant species per strata 
28 	 Code: collecting code used for plant samples 
29 	 AON Assoc: 	 plant community classification ascribed by 
Nicholls 1982 unpublished 
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Appendix II describes the procedure and equipment used to measure each 
attribute, and presents an example of a completed proforma. 
5.3.2 	 Analysis of the ground site data 
In the analysis of ground site data only a subset of the 
variables measured was used. Vegetation structure and floristic data were 
measured in detail and will be presented elsewhere, but were not included 
because of time and cost and because it was shown in other analyses that 
the 12 general environmental variables yielded sufficient information to 
enable a reasonably comprehensive multivariate comparison between the 
ground and map data. This was tested post priori by cross tabulating the 
ground site classification groups with 8 vegetation structural classes. 
Structural classes were obtained from the ground data by deriving a simple 
'Specht type' (Specht 1972) variable from the tallest stratum for each 
site which comprised greater than 5% foliage cover. Results are presented 
below. 
5.3.2.1 Classification of ground site groups and the relevance of 
vegetation structure 
Ground site classification groups were examined in relation to 
vegetation structural types to determine whether the latter added 
significant information to the definition of environment. 	 Ground site 
groups were cross tabulated against 8 vegetation structural types for the 
same sites. 	 Results for the 300m2 grid are presented in Table 7 and 
Figure 8. Results for the NTP/300m2 are presented in Table 8 and Figure 
9. Tables 7 and 8 indicate a strong relationship between environmental 
ground site groups and vegetation types. These tables reveal a gradient 
in the ground site groups from low to very tall vegetation types. 
(i) 	 300m2 grid ground site groups in relation to vegetation types 
The sequence of 300m2 ground site groups from low to very tall 
vegetation structural types is depicted by the following group order: 1, 
6, 2, 5, 4 and 3. Structural types in these 6 groups show a restricted 
clustering of sites (Table 7), unlike that observed in the analysis of the 
NTP/300m2 ground site (Table 8). The marked gradient, from low to very 
tall vegetation across the groups, in the NTP/300m2 analysis was not as 
apparent in this analysis. Of the 78 sites tabulated 9 ground sites were 
unacceptably misclassified with the vegetation types (see Figure 8). 
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for the 300m systematic grid sampling base. 
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Figure 9 Plot of the eight vegetation structural types at the 95 sites in the study area 
for the natural pattern sampling base. 
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Misclassifications resulted either because the data collected at sites did 
not include sufficient habitat descriptors (e.g. litter, logs and stags) 
or because the upper layer of vegetation was too sparse to be grouped into 
the predicted structural type (e.g., a very sparse open woodland would be 
grouped into a tall or low shrubland depending on its dominant mid or 
lower strata). 
Three vegetation types containing large numbers of sites account 
for almost 90% of the samples, these include: type 1 (dwarf to low sparse 
shrubs) with 36 sites; type 5 (mid high to tall sparse trees) with 16 
sites; 	 and type 6 (mid high to tall open to closed trees) with 18 
sites. The remaining 8 sites occur in low numbers within four vegetation 
types. No sites were measured in type 7, very tall sparse trees. The 
arrangement of sites within these 8 vegetation types suggests that 
systematic sampling does not equitably represent the less common 
vegetation structural types. This contrasted with the NTP/300m2 analysis 
where representative sampling yielded a more even spread of sites among 
vegetation structural types. 
(ii) 	 Natural pattern ground site groups in relation to vegetation 
types 
The sequence of the NTP/300m2 ground site groups from low to 
tall vegetation is depicted by the following order: 5, 6, 1, 2, 3 and 
4. A brief description of the vegetation structural types comprising the 
6 ground site groups below indicates that apart from minor overlap between 
structural types the NTP/300m2 ground site groups are essentially 
measuring different structural types. 
	 Of the 95 ground sites cross 
tabulated against vegetation structure only four were unacceptably 
misclassified (see Figure 9). Group 5 comprises the largest group, with 
53 sites, which reflects the behaviour of the algorithms used in relation 
to the low variability of the environmental data measured. 
	 Group 5 
included all but 3 sites described by the 4 shrubland structural groups. 
Clearly, numbers of stags and logs and the amount of litter have a high 
negative association with shrub structure. 
The remaining 5 groups are all smaller and describe different 
facets of forested habitats, which by nature of the variables chosen and 
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measured are more variable than heathlands. Group 6 shows a high degree 
of association with mid-high to tall trees, most of which have open to 
closed rather than sparse foliage cover. Group 1 includes sites dominated 
by mid high to tall trees ranging from sparse through open, to closed 
cover. Group 2 includes trees with open to closed canopies which range in 
height from mid high to tall, through to very tall trees. 
	 Group 3 
describes trees with open to closed canopies which range in height from 
mid high to very tall. Group 3 shows one mismatch which occurred because 
the heathland it described comprised large numbers of logs and stags, 
minimal litter, and was situated in well protected, gentle slopes adjacent 
to a drainage line. These characteristics more aptly describe the other 4 
sites in this group associated with forests. Group 4 is characterized by 
very tall trees with canopies ranging from sparse through open to closed 
canopies. 
	 Only 3 sites had mid high to tall trees. Group 4 describes 
cool, moist, tall open forest, including rainforest. 
While this analysis shows that vegetation structural attributes 
could be omitted from an analysis of environment using data collected at 
sites on the ground, it is not suggested as a practical strategy. In the 
present circumstances these data were omitted purely due to logistical 
problems in analysis, when the integrated nature of the other 10 highly 
correlated variables which combine to describe the environment with which 
the tallest dominant stratum is correlated became evident. 
	 Further 
analysis of the relevance of vegetation structure is planned. 
	 The 
relevance of measuring all five strata needs to be examined not only in 
relation to validating the sampling bases but to the faunal assemblages 
using them. Work also needs to be done on developing a single index of 
diversity which describes the foliage height and cover profile of the site 
in much the same way as MacArthur et al. 1961 used it to describe the 
structure of a plant community. 
5.3.2.2 	 Classification via ordination 
The structure of the reduced set of ground site data for all 
sites was examined by correlation matrix. Variables which exhibited non-
significant low or very high correlations were eliminated from further 
analysis. The reduced correlation matrix was then used as input into a 
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PCA. The rotation matrix from the PCA was multiplied by the original data 
matrix to provide a reduced set of coordinates for each site. These 
reduced coordinates were then used as input into a hierarchical cluster 
analysis (see Section IV.e for details). From this analysis a dendrogram 
was plotted and the tree cut to give 6 groups to correspond with the same 
number of environmental groups found for the analysis of the different 
grid size data sets. Group means and variances were calculated and the 
mean vectors plotted as star symbols and Chernoff faces. Groups were also 
plotted onto a map of the study area to illustrate their geographic 
relationships. 
6 	 Comparisons between environmental sampling base and ground data 
Two analyses were employed to determine the amount of 
disagreement between the classifications of map data and ground site 
data. 	 The analytical methods include Procrustes Rotation (Gower 1975), 
which operates on the eigenvectors for two different data sets, and cross 
tabulation of classification groups for each data set. 
Procrustes rotation sought to find relationships between 
variables in different data sets for the same sites. (For more details 
see Section IV.d). In this analysis the 21 variables used to develop the 
map data classification and the 10 variables used to develop the ground 
site classification were used as the primary data (see Table 9). 
Additionally, both pairs of data sets had equal numbers of eigenvectors. 
All variables were comparable because they comprised PCA scores, thus no 
transformations were necessary. 
Cross tabulation involved tallying the frequency of sites in 
relation to their allocation between different partitions. This involved 
allocating the 78 sites into a 7 x 6 matrix, comprised of 7 map and 6 
ground site groups. 
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Table 9 List of matched environmental attributes measured within the 300m2  
grid cells and at ground data sites. 
Map Variables 	 Ground Site Variables 
1. elevation - high 
2. - low 
3. contour heterogeneity - north 
4. - south 
5. - east 	 1. slope 
6. - west 
7. slope - 100m (steepest) 
8. - 250m (general) 
9. aspect - exposed 
10. - intermediate 	 2. aspect (N°) 
11. - sheltered 	 3. exposure (slope production) 
12. streams 	 4. surface water 
13. cliffs 
14. vegetation formations - rockland 	 5. microrelief (rockiness) 
15. - dry heath 
16. - wet heath 	 6. stags (number) 
17. - sedgeland 	 7. logs (number) 
18. - open woodland 	 8. litter depth 
19. - woodland 	 9. litter percent 
20. - open forest 	 10. fire (duration since last fire) 
21. - rainforest 
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ii) 	 Mapping and classification of natural landscape patterns: 
mapping units 
The objective of this part of the study was to map land units 
within the Gunn et al. (1984) land systems; thus land system boundaries 
and descriptions of the component land units were adopted as primary data. 
The boundary of the study plot was transferred onto 1:27,000 
scale black and white aerial photos from the 1:25,000 scale topographic 
map series. With the aid of a stereo zoom transfer scope, land system 
boundaries were also transferred onto the 1:27,000 scale air photos. 
Mapping units were then delineated on the photos with the aid of a Delft 
8 x traversing stereoscope. The procedure for recognizing MU's requires 
the interpreter to integrate the apparent vertical exaggeration of the 
landform with photo patterns depicting vegetation formations, drainage 
sets and other terrain and photo-patterns. At the completion of 
delineating MU's all boundaries were checked. The only difference between 
the procedure for mapping MU's in this project and that of Gunn et al. 
1984 was the latter employed smaller scale aerial photographs. 
Classification of the mapping units in the study plot involved 
first listing all land systems and land units within the plot. Then after 
a comprehensive examination of land unit descriptions and their respective 
positions along topographic sequences in the different land systems the 
land unit descriptions were assigned to descriptions of mapping units. 
Differences in scale of mapping (1:27,000 aerial photos) and the scale of 
land unit descriptions resulted in not all land unit descriptions being 
distinguished on the aerial photos. This occurred especially where narrow 
linear, or small patchy photo patterns were too small to be mapped at the 
photo scale available. In other words, some of the MU's delineated in the 
1:27,000 scale aerial photos comprised more than one land unit. 	 As a 
consequence of these scale differences, the term complex land unit (CLU) 
was coined to describe complexes of land units mapped at 1:27,000 scale. 
See Figure 10 for a schematic summary of the procedure used to map and 
classify complex land units. 
Boundaries of CLU's were then transferred from the 1:27,000 
scale photos onto 1:25,000 scale topographic maps to provide base maps. A 
field trip was undertaken to check the accuracy of boundaries and 
descriptions of complex land units and to make appropriate corrections 
where necessary. Figure 11 presents the map of CLU's and key to them. 
PREPARE TABLE OF 
SITES/LU/LS FOR 
PLOT 
ASSIGN LU DESCRIPTIONS 
TO MU's TO GIVE COMPLEX 
LAND UNITS 
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DELINEATE BOUNDARY OF STUDY 
PLOT ONTO AIR PHOTOS (1:27,000) 
AND TOPOGRAPHIC MAPS (1:25,000) 
DELINEATE MAPPING UNITS  
TRANSFER LAND SYSTEM 
BOUNDARIES (GUNN ET AL) 
ONTO AIR PHOTOS 1:27,000 
(MU) ON AIR PHOTOS 1:27,000 
TRANSFER COMPLEX LAND 
UNIT BOUNDARIES ONTO 
1:25,000 TOPOGRAPHIC 
MAPS AND COMPILE CLU 
DESCRIPTIONS 
FIELD CHECK CLU DESCRIPTIONS 
AND BOUNDARIES 
DATA AND INFORMATION FROM RECONNAISSANCE SURVEY 
GUNN ET AL. 
TOPOGRAPHIC 
SEQUENCES OF 
LAND UNITS 
(LU) WITHIN 
LAND SYSTEMS 
(LS) 
DESCRIPTION 
OF LU's 
LOCATION OF 
SITES 
WITHIN 
LS 
MAP AND 
DESCRIPTION 
OF LS's 
Figure 10 Schematic representation of the approach used to compile the 
complex land unit sampling base and descriptions of mapping units 
for the study plot. 
81 
1. 	 Evaluation of suitability of natural patterns to sample 
environment on the ground (natural pattern ground data) 
In this section methods concerned with evaluation of the 
integrated environmental classification of Gunn et al. (1984) as a 
sampling base for describing environment on the ground are described. It 
had been planned to accept the above environmental classification as 
originally presented. 	 Problems in analysis, however, demanded 
modifications; these are described here. 
1.1 	 Numbers of sites and their distribution 
The approach used to evaluate the suitability of natural 
patterns for sampling the environment was similar to that used to evaluate 
the 300m2 grid cells, where the same set of attributes were measured at 
sites on the ground. Dimensions of ground sites were the same as those 
used to sample the 300m2 grid cells (Section V.b.i.5.1). 
The number of sites used and the duration of the sampling 
interval was left as flexible as possible. As with sampling the 300m2 
grid cells, 90 sites were selected as a feasible number which could be 
sampled in one half of one month of field work. 
Sites were allocated systematically according to the relative 
area of each CLU. The area of each CLU was determined by systematically 
digitising the boundaries. 	 A 'HIPAD' (Housten Instruments) digitising 
board connected to a Tektronix computer was used for this purpose. The 
total area for each of the fourteen CLU's was then computed. The largest 
CLU was divided by the smallest to provide a score for ranking the areas 
of each CLU. 
The minimum number of samples for each CLU was set at three in 
order to obtain some measure of the variability of site attributes. 
However, since five CLU's were smaller than 3 100m2 cells, they were not 
sampled. The remaining nine CLU's were allocated sites relative to their 
respective areas. 	 The following criteria were used to allocate sites 
within the CLU map. 
1. Sites were not placed in 100m2 cells containing more 
than one complex land unit. 
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Figure 11 Map of complex land units of the study area. 
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COMPLEX 
LAND UNIT 
No 
7 
LAND 	 LANDFORM 
UNIT 	 ELEMENTS 
No 
7 - Very gentle crest 
SOILS 
Massive earths, 
moderately deep 
VEGETATION 
ASSOCIATIONS 
Mallee /low dry open heath 
     
10 
19 
22 
25 
35 
37 
38 
41 
42 
V V V 
V V 
N., V Y 
v v 
—v y — v 
•••• amMO 
51-Very rocky summit surface 
75_Steep maximal upper slope 
76-Steep maximal upper slope 
72_Bouldery steep cliff-foot 
171-Cliff - foot bench 	 slope  
15_Drainage depression (smoother) 
49_Drainage depression (narrower) 
41-Gentle pediment (moist phase) 
10-Gentle slope ( undifferentiated) 
39-Rock flat 
12_Moderate scarp-foot slope 
goofier) 
22_Bouldery steep cliff-10ot 
siope 
31-Moderate footslope (steeper) 
46-Rocky moderate stream-side 
footslope 
67-Rocky moderate slope 
between scarps  
Uniform sandy soils, 
shallow 
Brown soils and humic 
loamy soils, deep 
Uniform sandy soil, deep 
Humic loamy soils, 
moderately deep 
Organic and humic loamy soils, 
d 
Organic soils, deep 	
eep 
Massive earths, deep 
Massive earths, deep 
Rockland 
Massive earths, moderately deep 
Brown/grey brown soils, deep 
Massive earths, deep 
Massive earths, shallow 
Humic loamy soils, 
moderately deep  
Mallee 
Syncarpia - E. piperita 
open forest 
E. muellerana -Tristania 
tall open forest 
Syncarpia-Livistona tall open forest/ 
Syncarpia -E.muellerana open forest 
Doryphora -Cerepetalum open forest 
Scrub or wet heath / sedgeland 
Scrub or wet heath / sedgeland 
Sedgeland 
Moist open heath/sedgeland 
E. sieberi - E. gummifera woodland 
E. sieberi - E. gummi f era open forest 
E. piperita -E. sieberi open forest 
E. piperita-E.sieberi tall open forest 
E. sieberi - E .gummifera open forest/ 
E. piperita-E. sieberi open forest 
Low dry open heath 
Uniform sandy soils and 
humic loamy soils, deep 
46 
47 
48 
49 
51 
•
•
•1: 
61 
68 
37-Gentle slope above 
a scarp (steeper) 
/ 38- Rock flat 
1 66- Tor 
9-Gentle slope 
40-Very gentle crestifferentiated) 
42-Gentle pediment (dry phase) 
30-Moderate scarp-foot slope (steeper) 
j 11_ Low rock scarp 
152-Rocky moderate slope 
between scarps 
13-High bouldery scarp  
Massive earths, deep 
Massive earths, deep 
Massive earths and 
humic loamy soils 
Organic soils, deep 
Rockland 
Rockland 
Massive earths, variable depth 
Massive earths, shallow 
Massive earths, deep 
Massive earths, moderately deep 
Rockland 
Rockland and uniform sandy soils, 
shallow 
Rockland 
E. sieberi - E.gummi feta open forest 
E. sieberi - E .gummifera open forest 
Moist open heath 
Moist open heath / sedgeland 
Tall heath / low shrubland 
Tall heath / low shrubland 
Low dry open heath /moist open to 
closed heath 
Low dry open heath 
Low dry open heath /moist open to 
closed heath 
Low dry open heath 
E. sieberi - E. gummi fera woodland (var) 
E. sieberi - E. gt. mmifera open forest/ 
E. piperita - E. sieberi open forest 
E. fastigata - E. fraxinoides open 
forest 
j25-Gentle waxing upper slope 
1 47_ Very gentle crest 
43-Moderate slope 
between scarps 
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2. Where possible sites were placed adjacent to each 
other for convenience of sampling (ie. on 
transects). 
3. Sites were not placed long distance from tracks and 
in inaccessible regions. 
As it turned out the final number of sites sampled was 95, five more than 
originally planned. The extra five sites were allocated on the same basis 
as the previous 90 sites (Table 10). Association between complex land 
units and land systems is presented in Table 11 for the 95 sites. 
1.2 	 Field identification and marking of sites 
The same criteria which were used to locate and mark sites 
within the 300m2 grid cells were also employed in sampling CLU's (Section 
V.b.i.5.2). Flagging between some sites was not always attempted because 
sites were not always situated in close proximity to one another. 
1.3 	 Site attributes (ground data) 
The same set and procedure for measuring the 29 attributes 
measured at sites for 300m2 grid cells (Table 6) were also followed at 
sites in CLU's. 
1.4 
	 Analyses of the ground data 
1.4.1 	 Classification and ordination 
As mentioned earlier in the analysis of site data for the 300m2 
grid cells, only a number of the attributes were used. Vegetation 
structure and florintier, though measured, were excluded here for the same 
reasons as those given in Section V.b.i.5.3 (ie., time and cost and 
because a reasonably comprehensive multivariate comparison between map and 
ground data was achieved without them). Analysis of the site data for 
CLU's followed the same analytical steps as described for the 300m2 grid 
site data (Section V.b.i.5.3.2). 
2. 	 Modifications to natural pattern map data 
While complex land units provided a relatively detailed map and 
description of the natural ecological strata, problems occurred when a 
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Table 10 Allocation of 95 sites within complex land units. Sites were 
allocated on the basis of proportional areas. 
CLU Area 
(ha) 
Score 
smallest/largest 
(CLU 68/CLU 51) 
Numbers of 
samples 
per CLU 
Numbers of 
samples 
coincident with 
300m2  grid cells 
7 8.2 27 3 
10 13.4 44 3 
19 5.1 17 3 
22 5.5 18 3 1 
25 7.5 25 3 
35 64.9 216 8 
37 5.2 17 3 
38 3.7 12 3 
41 18.9 63 3 
42 151.3 504 18 2 
43 3.2 10 - 
46 128.5 428 10 1 
47 1.8 6 - 
48 2.3 7 - 
49 26.3 87 5 
51 324.6 1117 25 3 
52 3.0 10 
61 23.8 79 5 
68 0.3 1 
791.8 Ha N = 95 N = 7 
Tablell. 
 Cross tabulation of land systems against complex land units. 
COMPLEX LAND UNITS (CLU's) 
LAND SYSTEM NUMBERS 
AREA OF SAMPLES/ 
TOTALS LAND SYSTEM 7 10 19 22 25 35 37 38 41 42 43 	 46 47 48 	 49 	 51 52 	 61 68 (ha) 
(3) (3) 6 
L 2 8.2 - - - - - - 3.7 - - - 	 - - - 	 - 	 12.87 - 	 - - 24.77 
A 
N (7) 7 
D 5 - - - - 
- 0.18 - - 28.73 - 	 - - - 	 - 	
- 3.00 	 - 0.3 32.27 
(4) (3) (13) 20 S 7 - - - - - 43.02 5.02 
- - - - 	 - - 	 6.98 203.4 - 	
- - 258.41 
Y 
S (3) (4) (7) (12) 26 
T 9 - 13.4 - - - 15.22 - - - - - 119.03 - 	 0.24 	 - 	 84.7 - 	 3.57 - 236.16 
E 
M (3) (11) (3) 17 
S 17 - - - - - 3.17 
- - 18.9 122.57 - 	 9.47 1.8 2.06 	 - 	 9.6 - 	 9.59 177.22 
(5) (5) 10 19 - - - - - 3.45 - - - - 3.2 
	 - - - 	 19.3 	 9.0 - 	 9.8 - 44.79 
(3) (3) (3) 9 
20 - - 5.11 5.52 7.5 - - - - - - 	 - - - 	 - 	 - 
- 	 - - 18.13 
AREA OF 
CLU's 8.2 13.4 5.11 5.52 7.5 64.86 5.2 3.7 18.9 151.3 3.2* 128.5 1.8* 2.3* 26.3 324.6 3.00*23.8 0.3* 791.75 
NUMBERS 
OF SAMPLES (3) (3) (3) (3) (3) (8) (3) (3) (3) (18) - 	 (10) - 	 (5) 	 (25) 
- 	 (5) - 95 
* Complex land units less than 3.5 ha were not sampled. 
For descriptions of CLU's and land systems see Figures 11 and 4 respectively. 
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comparison was attempted using Procrustes rotation between CLU groups and 
environmental variables measured at the 95 sites within the CLU's. CLU 
descriptions were examined as the most appropriate source of qualitative 
and quantitative variables but, for the following reasons, were discarded 
as unsuitable for deriving multivariate environmental data: 
i) CLU's represent a generalized form of land units, 
grouping land units on the basis of photo pattern; 
ii) the number of sites sampled for environmental 
variables by Gunn (1985) were not sufficiently 
numerous throughout the study area; and 
iii) variables used to describe systematic grids were 
not equivalent in data type and units of 
measurement to those used by Gunn to describe land 
units. This did not facilitate comparison between 
the two environmental mapping techniques. 
In view of these inadequacies, the 300m2 square grid cell was 
adopted as the sampling unit for natural patterns on air photographs and 
topographic map because it had been established in Section V1 that it 
provided an appropriate scale for representing the complexity of the 
environment. To maintain consistency with the data for systematic grids, 
the same set of environmental variables and the techniques of measuring 
and classifying them were also adopted for natural patterns. 	 Section 
V.b.i.2 describes the 7 classes of habitat variables measured; these are 
listed in Table 3. Section V.b.i.3 describes the system of data capture 
used to measure these 20 environmental attributes into the 300m2 cells 
(NTP/300m2). 	 Data were collected in cells centred on the same sites 
within CLU's selected previously on the basis of area proportional 
representative sampling (Section V.b.ii.1.1). 
Analysis of the natural pattern/300m2 (NTP/300m2) data involved 
calculating a correlation matrix for the 20 variables. This matrix was 
then used as input into a Principle Components Analysis (PCA) to reduce 
the dimensionality of the data set and produce a set of reduced 
coordinates. These reduced coordinates were then clustered into groups 
using a hierarchical clustering technique (Section V.b.i.4.1) and group 
means and variances were calculated. Plots of the groups were prepared to 
assist in the description of the groups and to illustrate their relative 
positions in the study area. Plots included star symbols and Chernoff 
faces (Section IV.h). 
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Although the NTP/300m2 map represents a reduction of the spatial 
resolution of the landscape patterns and environmental descriptions, it 
was necessary in order to facilitate comparisons not only with ground data 
but also with the results of the 300m2 map data. Even though the complex 
land unit and land system maps and descriptions of environment were 
unsuitable for deriving detailed multivariate data, they were maintained 
for later analyses. This was desirable because CLU's are directly related 
to land systems, which are mapped for the whole Tianjara Training Area 
(Gunn 1985). Thus, ecological relationships pertaining to the NTP/300m2  
map groups and to CLU's could feasibly be extrapolated to land systems 
outside the study area because they share similar environmental 
characteristics. 
A multivariate comparison between the new natural pattern groups 
(NTP/300m2) and the vegetation structural data showed a reasonably 
comprehensive relationship between them which suggested the incorporation 
of vegetation data per se was not necessary for description of 
environmental groups. 
	 Results of the post priori comparison between 
environmental groups for ground sites and the 8 vegetation structural 
types are presented in Section V.b.i.5.3.2.1. 
3. 	 Comparison between the natural landscape pattern map data and 
the ground site data 
Two types of analyses were employed to determine the amount of 
disagreement between the classifications of map data and ground site 
data. They include the same two methods used to analyse the 300m2 grid 
cell classifications, Procrustes rotation and cross tabulation (see 
Section V.b.i.6). 
Cross tabulation involved tallying the frequency of sites in 
relation to their different classification groups. A Chi analysis was 
then used to test the strength of the association between the sets. This 
involved allocating the 95 sites into a 14 x 6 matrix, comprised of 14 
CLU's (the sampling base) and 6 ground site groups. In addition, the 95 
sites were reallocated into a 6 x 6 matrix, comprised of 6 map groups and 
6 ground site groups. 	 The apparent association between different 
classification groups was also investigated. Procrustes rotation analysis 
was employed to determine the level of agreement between the NTP/300m2 map 
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data and the ground site data using relationships between sites and 
variables. Procrustes rotation used the 21 variables for the map data and 
10 variables for the ground data (see Table 9). 
c) 
	
	
Evaluation of the suitability of systematic grids and natural 
pattern mapping bases to sample avifaunal communities on the 
ground 
In order to investigate the veracity of the two environmental 
classifications and to assess their values for describing faunal habitats, 
field measurement and sampling of avifauna were undertaken. Sites were 
selected for this purpose because they enabled discrete batches of 
ecological data to be collected for specific areas and permitted the use 
of standard statistics in their analysis. 
i) Numbers and distribution of sample sites and duration of census 
One month was set as the maximum sampling interval for 
censussing birds in spring because of the seasonal turnover of species. 
The same ground sites used to sample each environmental map were also 
sampled for their bird assembleges. 
Censussing of the brid community was undertaken during the same 
period that ground sites were being sampled for ground data. One hundred 
and eighty sites were considered a feasible number which could readily be 
censussed even under continued, short periods of adverse weather 
conditions. Censussing under ideal weather conditions should have been 
completed within 15 days for both sampling bases, but due to prolonged 
gusty wind conditions the census period was extended to 34 days within 
which, only 15 days were actually spent censussing. The period of 
censussing commenced on the 1st of September and finished on the 8th of 
October 1982. The final number of sites censussed was 178, 89 sites in 
the 300m2 systematic grids and 95 sites in natural patterns. 	 Of this 
total, seven sites were shared in common between the two sampling bases. 
ii) Avifaunal community attributes 
1. 	 Measurement and description of avifaunal assemblages 
The technique used to census the bird fauna was the circular 
spot count method (Reynolds et al. 1980). 	 This method was considered 
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superior to transects and territory mapping. Theoretically spot counts 
assume that counts are an instantaneous assessment of the bird association 
for an area. 	 Counts of birds for a specific site can be related to 
measures of habitat for the same site, permitting the use of standard 
statistical techniques. 
	 The spot count method has the advantage of 
rapidity with which it can be used to evaluate an area. By increasing the 
amount of time spent censussing the different sites, one reduces the speed 
at which the study can be conducted and detracts from the method's 
efficiency. 
Before the commencement of censussing a one minute period was 
allowed after arriving at the site to permit birds to resume their normal 
activity patterns. During the period of censussing the observer remained 
as inconspicuous as possible without moving outside a 2m radius of the 
site. 	 All birds seen or heard within 50m and between 50-150m of the 
observer were counted for ten minutes. Birds seen or heard flying over or 
through the habitat within the site's boundaries were also recorded. 
Flocks were counted on the basis of a 'group' of birds moving together for 
the purposes of feeding of flying. Birds not seen at the site but between 
sites were also recorded. No individual was intentionally counted twice 
at the same site. After 10 minutes the observer walked to the next site 
where the count was repeated. 
Each site was censussed once. All sites were censussed between 
6.00 a.m. and 11.00 a.m. with the exception of approximately 10 sites 
which were censussed between 3.30 p.m. and 5.00 p.m. Censussing commenced 
one hour after sunrise and ceased 1 hour before sunset. Censussing was 
abandoned when wind speed exceeded 4 on the Beaufort Scale. Censussing 
also ceased between 10-11 a.m. after which bird activity began to 
noticeably decline, however this depended on cloud cover and wind speed. 
Where possible up to 10 sites were sampled each day. Sites in 
close proximity to each other were sampled as a group in order to minimize 
the time spent traversing between sites. Three experienced observers took 
part in the censussing program. Prior to actual censussing, observers 
spent at least one day familiarising themselves with the birds and their 
calls. 	 During this period observers were required to standardize 
themselves against the author in order to reduce the errors of distance 
estimation and bird call recognition. 
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2. 	 Analysis of the bird data 
Bird data comprised numbers of species and individuals recorded 
at sites within the two sampling bases (grid cells and natural 
patterns). Records for individual birds both seen and heard were added to 
provide sufficient data for analysis. Data for each site comprised counts 
within two census bands, an inner band (50m radius) and an outer band (50m 
to 150m radius). Other data, wind speed, cloud cover, observers and the 
time of day at which each site was censussed, provided additional 
information to aid in the interpretation of the bird results. Since the 
main purpose for collecting and analyzing the bird data was to elucidate 
ecological patterns and relationships within and between the stratified 
sampling bases, these additional data were not comprehensively analyzed. 
Four analytical techniques were employed in the analysis of the 
bird data. First, an investigation was undertaken of the general patterns 
in species numbers and individuals without reference to environmental 
groups. 	 Second, an analysis was undertaken to elucidate relationships 
between species and sites using correspondence analysis (Hill 1974) and 
the Biplot analysis (Gabriel 1981). Third, species data for sites were 
analyzed using the Shannon—Weiner index of species diversity. Fourth, 
species accumulation curves were calculated to investigate whether the 
sampling intensity employed in the various environmental groups achieved 
an apparent asympope or plateau in species richness. 	 This provided 
insight as to whether a environmental group was under or over sampled. 
Data for the two sampling bases were analyzed separately for the inner and 
outer census bands. The latter three analytical techniques analyzed 
assembleges of species in relation to the a priori groupings of sites 
clustered using the different environmental groups. 
2.1 	 General patterns of numbers of species and individuals 
Frequency distributions of the numbers of individuals of each 
species were tabulated separately for both inner and outer bands. These 
data were analyzed by cross tabulating each species in terms of its 
relative abundance in each band. 
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2.2 	 Relationships between clusters of sites (environmental map 
groups) and assembleges of species 
2.2.1 	 Correspondence and biplot analyses 
The discovery of relationships between sites and species 
employed correspondence analysis and biplot analysis (see Appendix I for a 
review of these methods). Both these analytical techniques operate on a 
matrix of site by species. Four matrices were prepared utilizing species 
individuals, one for each census band and one each for the sampling bases. 
Prior to analyzing these matrices, the spread of numbers of 
individuals per species per site was examined in order to determine 
whether quantitative data (counts of individuals) or presence/absence data 
was appropriate for the above two analytical techniques. A program was 
written to calculate successive increments of individuals per site by 
simulating different 'cut-off' levels for the numbers of individuals per 
species. 	 Based on an interpretation of these plots the bird data was 
reduced to presence/absence counts because of the high proportion of sites 
comprising only one individual per species. 
Output from the correspondence analysis and biplot analysis were 
examined for two types of pattern: pattern between sites, (arising from 
statistical similarities between species comprising the sites) and pattern 
between the same sites and the a priori groups of sites derived from the 
environmental groups. 
2.2.2 	 Shannon-Weiner species diversity index 
In this analysis the same four data matrices were employed; 
however, quantitative rather than presence/absence counts, were used as 
input into the Shannon-Weiner species diversity indice. Species indices 
for each site were calculated and contour plots interpolated between 
sites. Contour lines were fitted by superimposing a fine grid of 40,000 
points over the existing data points. Contour plots were prepared with 
the objective of elucidating significant centres and gradients in species 
diversity. 	 In addition, a one-way analysis of variance was undertaken 
using the different sampling bases as 'treatments' superimposed on the 
different data sets. The treatments include three for natural patterns 
and one for systematic grids: 
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Natural Pattern treatments 
a) 	 i) 	 NTP/300m2 (50m) 
ii) 	 NTP/300m2 (50m) 
Number of Groups 
6 
6 
b) 	 i) 	 Land systems (50m) 7 
ii) 	 Land systems (50m) 7 
c) 	 i) 	 Complex land units (50m) 14 
ii) 	 Complex land units (50m) 14 
Systematic Grid treatment 
i) 300m2  grid (50m) 7 
ii) 300m2 grid (50m) 7 
Environmental groups for the different sampling bases 
('treatments') were ordered into gradients of habitat complexity from low, 
structurally simpler heathlands through to the taller, more structurally 
complex open forest to rainforest. 	 The resultant trends in species 
diversity between the groups along this gradient were analyzed by 
extracting linear, qradratic and cubic components of variance. 	 In 
addition, plots of the mean diversity for each habitat group were produced 
as output. 
2.2.3 	 Species accumulation curves 
Since the number of species in a sample of a faunal community 
increases as sample size, area or effort increases, this provides a useful 
indicator as to whether an environmental stratum has been efficiently 
censussed. In this analysis the recruitments of new species were tallied 
for each site for all the habitat strata ('treatments') except complex 
land units. The complex land unit sampling base was excluded because the 
numbers of samples for most strata were too few to allow the development 
of an asymptote or species richness plateau. Sites were not randomised 
but rather species were accumulated from sites as they occurred in the 
data file. 	 Ideally sites should be randomised to reduce the effect of 
gradients and discontinuities in the data. Where an asymptote is achieved 
in a particular stratum it suggests the apparent diversity of the habitat 
type has been reached. Beyond it, such samples may be more effectively 
allocated to other less intensively sampled strata. Where no plateau is 
reached this suggests the sampling effort should be increased. 
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d) 	 Comparison between systematic grids and natural patterns using 
avifaunal data 
This analysis was undertaken with the objective of determining 
similarities and differences between the map data sets for natural 
patterns and grids. 	 The data for this analysis, the numbers of 
occurrences of species, were partitioned into a 2 x 2 x 7 x 6 contingency 
table with the following factors: 
i) 	 2 levels of sampling base - natural pattern and 
systematic grid. 
ii) 2 levels of bird sampling distance within which the 
birds were censussed (<50m and >50m). 
iii) 7 bird feeding guilds after Ford and Bell (1981). 
A ... plant material foragers. 
B ... ground invertebrate foragers. 
C ... bark invertebrate foragers. 
D ... foliage invertebrate foragers. 
E ... nectar and invertebrate foragers. 
F ... aerial invertebrate foragers. 
G ... vertebrate and invertebrate foragers. 
Table 12 presents a list of the seven guilds and 
the bird species which comprise them. 
iv) 6 environmental groups matched so that the groups 
were similar between sampling bases (Table 13). 
The data were analyzed as a log linear model with Poisson error 
structure using GLIM (Baker et al. 1978). In this analysis we assume that 
the counts came from a set of multinomial distributions with 
multiplicative error structure and we are interested in estimating the 
'effects' for each category. In essence we are interested in testing the 
ecological veracity of partitioning the data of bird occurrences into 
cross tabulation tables to examine the strengths of associations of each 
of the factors using their probability structure. Two types of effects 
can be tested, main and interaction. 
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Table 12 List of bird foraging guilds and their component bird species. 
Guilds are derived from the dominant foraging position and food 
types eaten (based on Ford and Bell 1981). 
Guild A: Plant material foragers  
Brush bronzewing pigeon 	 Crimson rosella 
Gang-gang cockatoo 	 Swamp parrot 
King parrot 	 Mistletoe bird 
Guild B: Ground invertebrate foragers  
Willie wagtail 
Superb lyrebird 
Scarlet robin 
Flame robin 
Eastern-yellow robin 
Grey shrike thrush 
Eastern Whipbird 
Buff-rumped thornbill  
White-browed scrubwren 
Rock warbler 
Pilot bird 
Brown songlark 
Superb wren 
Variegated wren 
Australian magpie 
Richard's pipit 
Guild C: Tree-bark invertebrate foragers  
White-throated treecreeper 
Guild D: Foliage invertebrate foragers  
Fan-tailed cuckoo 
Horsefields bronze cuckoo 
Shinningbronze cuckoo 
Rose robin 
Golden whistler 
Rufous whistler 
Olive whistler 
Black-faced Cuckoo-shrike 
Brown warbler 
Striated thornbill 
Guild E: Nectar and invertebrate foragers  
White-naped honeyeater 
Eastern spinebill 
Tawny-crowned honeyeater 
Lewin's honeyeater 
Yellow-faced honeyeater 
Guild F: Aerial invertebrate foragers  
Welcome swallow 
Tree martin 
Grey fantail 
Brown thornbill 
Golden-headed hylacola 
Fieldwren 
Southern emu-wren 
Spotted pardalote 
Silvereye 
Olive-backed Oriole 
Pied Currawong 
Grey Currawong 
Striated pardalote 
White-eared honeyeater 
Cresent honeyeater 
New holland honeyeater 
Red wattlebird 
Noisy friarbird 
Leaden flycatcher 
Dusky woodswallow 
Guild G: Vertebrate and invertebrate foragers  
Spotted harrier 	 Brown falcon 
Grey goshawk 
	
Nankeen kestral 
Wedge-tailed eagle 	 Australian kookaburra 
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Table 13 Cross tabulation and reordering of the two sets of environmental groups 
for natural patterns and systematic grid. The new group ranks 
environmental groups on the basis of vegetation structure from low, 
structurally simple to tall, structurally complex (ie., group 1 to 6). 
New Old Natural Pattern Old Systematic Grid 
Group Group environmental groups Group environmental groups 
Number Number NTP/300m2 Number 300m2 Grid 
1 
Low relief, gentle slopes, 
on exposed aspects 
1 	 supporting dry and wet 
heaths. Rockland and open 
woodland minor elements. 
Gentle slopes on exposed 
and intermediate aspects 
1 	 supporting streams; 
sedgeland, wet heath and 
dry heath. 
2 
Low relief, gentle slopes, 
on intermediate aspects 
3 	 supporting sedgeland and 
open woodland, wet heath 
and dry heath.  
Long gentle slopes, 
intermediate aspects, 
2 	 dissected by streams, 
supporting open woodland, 
wet heath, some sedgeland 
and rockland. 
3 
High relief, steep slopes 
on intermediate aspects 
6 
	
	
supporting rockland and wet 
heath in association with 
open forest below cliffs. 
High relief, moderate short 
steep slopes mainly on 
3 	 north contours, exposed to 
intermediate; rockland and 
dry heath some woodland. 
Moderate slopes on 
intermediate aspect, some 
4 	 exposed and sheltered 
aspects. West contour and 
streams important. Open 
forest and woodland minor 
patches of wet and dry 
heath. 
4 4 
5 5 
6 2 
High relief, steep slopes, 
on intermediate aspects 
supporting open forest 
below cliffs. 
Low relief, gentle slopes, 
on intermediate and 
sheltered aspects 
supporting woodlands in 
association with streams. 
High relief, steep slopes, 
on sheltered aspect, 
supporting rainforest and 
open forest below cliffs. 
Streams common. 
High relief, short steep 
7 	 mainly on south east and 
west contours. Sheltered 
aspect supporting open 
forest. 
Long gentle slopes, 
intermediate to exposed 
5 	 aspects, dissected by 
streams, supporting 
woodland and minor patches 
of open forest. 
High relief, long steep 
slopes mainly on west 
6 	 contours. Sheltered aspect 
supporting rainforest. 
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In order to test these effects we consider pij as the probability of an 
individual belonging to row i and column j. These effects can then be stated as: 
pij = pi.xp.j (for main effects - i.e. marginal 
independence) 
pij 	 pi.xp.j (for interactive effects. 
The effects of any set of factors are tested using the change in 
deviance (analogous to the sums of squares) due to fitting these factors 
as a Chi square variable. Since we assume a Poisson error distribution we 
can also test the residual variation to determine whether agreement with 
the underlying model has been reached. 
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RESULTS 
Environmental Sampling Bases 
Systematic Grids 
Selection of an Appropriate Grid Size for Sampling the 
Environment of the Study Area 
The selection of an arbitrary grid cell size to sample natural 
populations and communities can add unwanted bias to results when the 
universe being sampled is highly variable and spatially complex. In this 
section an attempt is made to select a suitable grid size for sampling the 
environment of the study area. This is done by analyzing the variability 
of 20 variables measured from aerial photographs and topographic maps when 
measured in grid cells of six different sizes and using techniques of 
ordination and cluster analysis. One variable, slopes measured over 250m, 
is omitted because of a very high correlation with slopes measured over 
100m. The latter is retained in the analyses which follow. 
Ordination 
Principal Coordinate Analysis 
Percent variance was calculated for the first eight vectors of 
the 200-500m2 grid cells and the first seven vectors of the 1000m2 grid 
cell (8 x 8 matrix). The 100m2 grid was not analyzed because of the size 
of its matrix (800 x 800). Variance measures for the first four vectors 
are cumulated and plotted in Figure 12. 
The plot shows a consistent level of variance in the variables 
measured in the 200-500m2 grid cells, and a marked increase in variance 
accounted for in the 1000m2 cells. The low dimensionality of the latter 
precludes its further consideration because of the possibility of the 
errors involved. 	 In addition to this it needs to be recalled that the 
coding of the variables was standardized across all grid sizes, which 
implies that each multistate variable was measured equally in the small 
grids but due to differences in scale, dominant multistate variables were 
emphasised in the larger grids. 
500 
	
1000 200 	 300 	 400 
Grid size (m2) 
Plot of the percentage variance explained by the first four 
dimensions of a PCO analysis of the four larger grid data 
sets. 
Figure 12  
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The lack of differences in the variance accounted for between 
the 200-500m2 cells suggest there is no easy statistical answer to the 
problem of choosing the optimum grid size. Choice of an appropriate grid 
size must therefore be based on more practical considerations. 	 Two 
further criteria were thus used to evaluate the different grid sizes; 
cost of analysis and loss of information. The major cost is involved in 
storage and manipulation of the relatively large similarity matrices. The 
costs for the 300-1000m2 grid sizes are all less than 10% of that of the 
200m2. Costs of analyzing the data in the 100m2 grids are impractically 
high (Figure 13). On these grounds, and with the earlier PCO analysis 
taken into consideration the choice lies between 200-400m2. 	 The 
relationship between grid size and information loss is dealt with in 
Section VI.b. 
1.1.2 	 Principal Components Analysis 
Correlation matrices for each of the data sets were used as 
input in separate PCA's for each grid cell size. Percent variance was 
calculated for each of the first 8 dimensions for each grid size, the 
first four of which were cumulated and plotted in Figure 14. The 100m2 
grid cell shows the lowest variance for all four dimensions relative to 
the other grid sizes, clearly indicating a greater between cell 
heterogeneity, or lowest rate of sampling of the environmental variables 
being analyzed. 	 The 1000m2 cell on the other hand, accounts for the 
highest variance and as such suggests greater efficiency in sampling. The 
problem of low dimensionality, however, makes the use of this cell size 
unacceptable. For the cell sizes from the 200-500m2 there is no marked 
difference in variance. The different cells are sampling the variables in 
a similar manner, and a decision relating to the selection of one of them 
has to be made on other grounds. 
1.1.3 	 Procrustes Rotation 
One way of assisting in this is to accept that the 100m2 grid 
cells have a greater within-cell uniformity than the other grid cells in 
terms of the variables being sampled (i.e., they possess a larger amount 
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	 Plot of costs involved in achieving habitat classifications 
using PCO analyses for the different grid sizes. 
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Figure 14 	 Plot of the percentage variance explained by the first four 
dimensions of a PCA of the five grid sizes. 
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of information in toto than do the larger grid cells) and to analyze the 
dissimilarities or information lost when using larger grid sizes. This 
has been done by using a technique similar to Procrustes rotation (Section 
IV.d) by rotating the first 8 dimensions from a PCA for each data set 
against each other in order to calculate residuals for each grid size 
relative to the 100m2 grid. The problem of selecting an appropriate grid 
size in relation to the 100m2 grid might be solved by choosing that grid 
size most similar to the 100m2 grid. Residual measures derived from the 
Procrustes type of analysis were transformed into mean distance measures 
and standardized by 'weighting down' the 300m2 grid because of its smaller 
area (see Table 14). Weighting was necessary because the 300m2 sampled 
only 87.7% of that area sampled by other grid sizes. 
	 Weighted mean 
distances are plotted in Figure 15. 
The plot shows a general increase in distance or dissimilarity 
from the 200m2 to the 500m2 grid cells. The 500m2 grid differed most from 
the 100m2 grid and the other grid sizes. The dissimilarity of this grid 
size suggests that relatively more information was explained by 8 vectors 
than was described by the same number of vectors in the smaller grid size 
data sets. 	 The 500m2grid on this basis can be discarded as an 
inappropriate sampling base. 
No statistical differences were observed between the 200-400m2  
grid sizes. 
	 The 200m2 grid, while closest to the 100m2 grid, incurs a 
high cost of data acquisition (see Table 15). Based on cost consideration 
therefore, the 200m2 grid is not considered suitable for this study. The 
remaining two grid sizes, 300m2 and 400m2, are not sufficiently different 
in distance from the 100m2 grid. 	 A marginally higher cost for data 
acquisition is incurred by selecting the 300m2 grid over the 400m2 grid, 
but the 300m2 grid measures a slightly higher level of environmental 
resolution or 'graininess' than does the 400m2 and is therefore preferred. 
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Table 14 Residual measures derived from the different grid sizes showing 
the disimilarity of the different grid sizes to the 100m2 grid. 
Grid size Similarity Approximate Weighted (m2)  measures mean mean 
(residuals) distances distances 
100 - - - 
200 3558.67* 4.4483 4.4483 
300 4352.63 5.4408 4.7743 
400 3715.97 4.6449 4.6449 
500 4444.67 5.5558 5.5558 
These measures were transformed to approximate mean distances and to 
weighted mean distances because the 300m2 grid sampled only 87.7% of 
the area sampled by other grids. 
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Figure 15  Plot of the residual values derived by using a Procrustes 
type of analysis. 	 The plot illustrates the distance or 
disimilarity of the larger grid sizes relative to the 100m2  
grid. 
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Total 
Number of 
Cells in 
study area 
(8km2) 
Cell density 
per km2 
(Number of 
cells: 
graininess) 
Table 15 	 Criteria used in the selection of an appropriate grid size to represent environments of the study area 
Cell Configuration 
Cell Size (m2) 
Cost of Data Acquisition 
Hours Required Cost of 
to Code 8km2 Coding 
Differences between 
cell clusters and 
the map of complex 
land units 
(loss of information) 
Suitability of cell 
size for mapping 
environment of the 
study area 
100 800 Very fine 
(Figure 16) 
11.5 Very high Minimal Poor 
200 200 Fine 
(Figure 17) 
3.5 High Moderately minimal Fair 
300 78 Mediun fine 
(Figure 18) 
1.4 Moderate Moderate Very favourable 
400 50 Medium coarse 
(Figure 19) 
1.0 Moderate Moderately great Good 
500 32 Coarse 
(Figure 20) 
0.75 Moderate Great Fair 
1000 8 Very coarse 
(Figure 21) 
0.33 Minimal Very great Poor 
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1.2 	 Relationships between grid size and environmental description 
based on ordination 
It is of importance in the context of the present work to 
attempt to understand how description of environment is affected by the 
size of the grid cell used to sample it. This is done here by examination 
of the first 5 PCA vectors in terms of their individual loadings. The 
larger values (vector loadings > + 0.1) are tabulated in Tables 16 to 
20. 	 Since PCO vectors are described in terms of 'F' loadings, no 
positive/negative values are available, and PCO has therefore not been 
used here (see Appendix IV). 
	 It is also easier to understand and 
interpret PCA loadings with their more extensive and consistent pattern. 
1) The main attributes contributing to the variance of 
vector 1 are landform (numbers of contours, slope 
and elevation) sheltered aspect and vegetation 
structure. 	 This basic assemblage of variables 
remains the same for all grid sizes, emphasising 
their fundamental importance in explaining 
environmental variability. 
2 
	
As grid size increases from 100m2 to 500m2 the 
number and significance of vegetation formations in 
the first two vectors also increase. The fewer 
formations in the 1000m2 grid are probably due to 
the coarser variable measures alluded to earlier 
and the lower dimensionality of the data set. 
3) Vegetation formation variables show an important 
contrast between low, structurally simpler 
vegetation and taller, structurally more complex 
formations for Vectors 1 and 2. In Vector 1 there 
is a significant contrast between wet heath and 
open forest and rainforest. In Vector 2 there is a 
contrast between dry heath and open woodland and 
woodland. 
4 
	
Vegetation formation variables show more subtle 
differences between grid sizes in the fourth and 
fifth vectors. As grid size increases from 1001114  
to 400m2 the pattern between grids suggests a 
corresponding shift in importance from taller, 
structurally more complex formations to lower, 
structurally simpler formations. 
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Table 16 	 Vector loadings from PCA vector 1 
GRID SIZES 
for the 20 map variables for the 6 
(m2) 
grid sizes. 
Variable Sign 100 200 300 400 500 1000 
High elevation - 0.24 0.16 0.16 0.17 0.17 - 
Low elevation - 0.31 0.27 0.30 0.33 0.34 0.29 
North contour + 0.29 0.30 0.24 0.27 0.26 0.19 
South contour + 0.26 0.29 0.28 0.26 0.20 - 
East contour + 0.28 0.26 0.32 0.27 0.27 0.26 
West contour + 0.23 0.31 0.24 0.27 0.28 0.25 
Slope 100m + 0.39 0.37 0.34 0.34 0.29 0.32 
Streams - - - - - - 
Exposed - - - - - 0.13 0.30 
Intermediate - 0.24 0.34 - 0.15 0.16 - 
Sheltered + 0.26 0.28 0.20 0.19 0.23 0.27 
Rockland - - - - - - 0.34 
Dry heath - - - 0.15 0.20 0.18 0.27 
Wet heath - 0.25 0.26 0.31 0.28 0.29 0.26 
Sedge - - 0.17 0.19 0.18 0.18 - 
Open woodland - - - - - - 
Woodland + - - - 0.12 0.22 - 
Open forest + 0.28 0.30 0.30 0.30 0.32 0.35 
Rainforest + 0.25 0.22 0.24 0.24 0.20 - 
Cliffs + 0.22 0.21 0.26 0.29 0.26 0.26 
% Variance 20.96 26.54 25.73 28.65 29.97 35.58 
Cumulative 
% Variance 20.96 26.54 25.73 28.65 29.97 35.58 
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Table ,_ 17. Vector loadings from PCA vector 2 for the 20 map 
------ 
variables for the 6 grid sizes. 
GRID SIZES (m2) 
Variable Sign 100 200 300 400 500 1000 
High elevation - 0.51 0.52 0.47 0.47 0.48 0.43 
Low elevation - 0.45 0.43 0.30 0.28 0.25 - 
North contour - 0.20 0.18 0.24 0.29 - 0.31 
South contour - 0.20 0.19 0.27 - 0.43 0.22 
East contour - - - - - 0.28 - 
West contour - - - - - - 0.34 
Slope 100m - 0.20 - 0.21 0.26 0.30 - 
Streams + - 0.16 0.21 0.26 0.30 0.36 
Exposed - - 0.19 0.19 0.19 - - 
Intermediate + 0.28 0.23 0.27 - - 0.34 
Sheltered - 0.24 - - - - - 
Rockland - - 0.20 - 0.22 - - 
Dry heath - 0.22 0.31 0.31 0.35 0.28 - 
Wet heath - - - - 0.15 0.16 0.25 
Sedge - - - - - 0.11 - 
Open woodland + 0.20 0.18 0.22 0.23 0.22 - 
Woodland + 0.24 0.25 0.22 0.28 0.23 0.27 
Open forest + - - 0.14 - - - 
Rainforest 
Cliffs 
% Variance 12.41 13.77 15.19 13.95 14.47 22.18 
Cumulative 
% Variance 33.37 40.31 40.92 42.61 44.45 57.76 
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Table 18. Vector loadings from PCA vector 3 for the 20 map 
variables for the 6 grid sizes. 
GRID SIZES (m2) 
Variable Sign 100 200 300 400 500 1000 
High elevation - - - 0.16 - - - 
Low elevation - - - 0.13 - - 0.23 
North contour - - - 0.17 - 0.15 - 
South contour - - - - - - 0.46 
East contour - - - - - - - 
West contour - - - 0.30 - - - 
Slope 100m - - - 0.21 - - - 
Streams + 0.35 0.47 - 0.24 0.42 0.30 
Exposed + 0.27 0.23 - - 0.48 - 
Intermediate - 0.49 0.44 0.41 0.55 0.31 0.24 
Sheltered + 0.37 0.31 0.44 0.52 - 0.28 
Rockland + - - - - 0.22 - 
Dry heath - 0.32 - - - 0.17 - 
Wet heath + 0.22 - 0.29 - 0.23 - 
Sedge + 0.35 0.24 0.27 - 0.30 
Open Woodland + - - - 0.31 0.20 0.43 
Woodland - - 0.21 - 0.30 - - 
Open Forest + - 0.19 - - - - 
Rainforest - - - 0.30 - - - 
Cliffs - 0.20 0.40 0.25 - - 0.30 
% Variance 8.08 7.91 9.10 10.50 10.47 16.95 
Cumulative 
% Variance 41.45 48.22 50.02 53.10 54.92 74.72 
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Table  19. Vector loadings from PCA vector 4 for the 20 map 
variables for the 6 grid sizes. 
GRID SIZES (m2) 
Variable Sign 100 200 300 400 500 1000 
High elevation 0.18 
Low elevation 0.15 
North contour 0.19 0.24 
South contour 0.18 
East contour 0.24 0.15 0.23 
West contour 0.20 0.20 0.25 
Slope 100m 
Streams 0.28 0.40 0.26 
Exposed 0.38 0.62 
Intermediate 0.50 0.26 
Sheltered 0.22 0.23 0.57 0.33 
Rockland 0.44 0.49 
Dry heath 0.25 0.32 
Wet heath 0.40 0.42 0.34 
Sedge 0.21 0.51 0.57 
Open Woodland 0.33 0.32 
Woodland + 0.30 0.28 
Open Forest 0.21 0.35 
Rainforest 0.45 0.22 0.34 
Cliffs 0.38 0.39 0.37 
% Variance 7.00 7.28 7.42 7.47 8.55 10.58 
Cumulative 
% Variance 48.45 55.50 57.44 60.58 63.47 85.29 
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Table  20. Vector loadings from PCA vector 5 for the 20 map 
variables for the 6 grid sizes. 
GRID SIZES (m2) 
Variable 	 Sign 100 200 300 400 500 1000 
High elevation 	 + 
Low elevation 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
North contour 	 - 	 - 	 - 	 - 	 - 	 - 	 0.29 
South contour 	 + 	 - 	 - 	 - 	 - 	 - 	 - 
East contour 	 + 	 - 	 - 	 - 	 - 	 - 	 0.45 
West contour 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
Slope 100m 	 - 	 - 	 - 	 - 	 - 	 - 	 0.27 
Streams 	 + 	 0.31 	 - 	 0.45 	 0.21 	 - 	 - 
Exposed 	 + 	 - 	 0.56 	 0.55 	 - 	 - 	 - 
Intermediate 	 + 	 0.25 	 - 	 - 	 - 	 - 	 - 
Sheltered 	 - 	 - 	 0.25 	 0.26 	 - 	 - 	 - 
Rockland 	 - 	 - 	 - 	 - 	 0.32 	 - 	 - 
Dry heath 	 - 	 - 	 - 	 - 	 0.20 	 - 	 0.48 
Wet heath 	 + 	 - 	 - 	 - 	 0.34 	 - 	 0.27 
Sedge 	 + 	 - 	 - 	 0.32 	 0.60 	 - 	 - 
Open woodland 	 - 	 0.28 	 0.46 	 0.35 	 0.29 	 - 	 - 
Woodland 	 - 	 0.36 	 0.56 	 0.21 	 - 	 - 	 0.27 
Open forest 	 + 	 0.50 	 - 	 - 	 - 	 - 	 - 
Rainforest 	 - 	 0.24 	 - 	 - 	 0.31 	 - 	 - 
Cliffs 	 - 	 - 	 - 	 - 	 - 	 - 	 - 
% Variance 	 6.47 	 5.86 	 6.61 	 6.25 	 6.57 	 7.76 
Cumulative 
% Variance 	 54.92 	 61.36 	 64.06 	 66.82 	 70.04 	 93.06 
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5) Topographic variables including slope and numbers of contours 
are primarily extracted by the first two vectors of each grid 
size. 
6) Aspect variables are consistently important in the first 3 
vectors. They occur generally as contrasted pairs across most 
grid sizes (e.g. Vector 1, sheltered and intermediate: Vector 
2, intermediate and exposed: 	 and Vector 3, intermediate and 
sheltered). 
7) Cliffs were important in the first and third vectors for most 
grid sizes. 
8) Streams were significant variables in the second and third 
vectors for most grid sizes. 
The importance of the relationships between the above variables 
in describing the vector loadings is readily apparent upon examination of 
Tables 16 to 20. 	 Further discussion on this subject is presented in 
Section VII. 
1.3 	 Non-Hierarchical Cluster Analysis 
An alternative approach to the problem of choosing an 
appropriate grid size involves an investigation of groups of environmental 
variables derived from non-hierarchical clustering of reduced sets of PCA 
coordinates of 8 dimensions explaining 80% of the variance for each grid 
size. For each grid size the preferred number of groups was chosen on the 
basis of the smallest sum of deviations from the cluster centres (see 
Forgy's Method with Jancey's Variant, Section IV.e)). Ten group sizes 
were investigated of which six were found to provide the best overall 
concensus for all grid sizes. Groups were then plotted to give patterns 
of distribution for each grid size (see Figures 16 to 21). In order to 
establish which grid size was appropriate, respective groups for each grid 
size were compared by cross tabulation as were the group configurations. 
These comparisons showed no consistent patterns between groups from one 
grid size to the next, which suggests that although the different grid 
sizes measure the same set of 20 variables they are measured in different 
combinations and proportions as grid size varies. 
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Figure 16 
	 Plot of the six environmental groups in the study area for 
the 100m2 grid cell size. 
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Figure 17 	 Plot of the six environmental groups in the study area for 
the 200m2 grid cell size. 
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Figure 18 
	
Plot of the six environmental groups in the study area for 
the 300m2 grid cell size. 
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Figure 19 
	 Plot of the six environmental groups in the study area for 
the 400m2 grid cell size. 
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Figure 20 	 Plot of the five environmental groups in the study area for 
the 500m2 grid cell size. 
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Figure 21 
	
Plot of the three environmental groups in the study area 
for the 1000m2 grid cell size. 
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Accepting the fact that different groups between different grid 
sizes appear to be measuring environmental variables in different ways, 
the problem of selecting the appropriate grid size was approached from a 
more general position. Each group configuration was evaluated according 
to their density, cost of data acquisition and loss of information 
relative to an existing environmental map raised by a different 
methodology described in terms of complex land units (see methods, section 
V.ii). 
The clusters of cells provided by the 200-400m2 grid cells give 
a good representation of the grain of the environment (Table 13). The 
200m2 grid shows a lower loss of information but at a higher cost than the 
300 and 400m2 grids. The preferred grid size in relation to the criteria 
used is the 300m2 grid. 	 It provides a medium fine representation of 
environmental grain, while incurring a moderate cost in data acquisition 
and a moderate loss of information relative to the map of complex land 
units. 
This discussion is fully in agreement with the findings of the 
ordination analyses previously described, which showed the adequacy of any 
grid size between 200m2 and 400m2. 
2. 	 Analysis of the Data Collected in 300m2 cells from Topographic 
Map and Airphotographs 
The objective of the work described in this section is to 
ascertain if grid cells of 300m2 are of an appropriate scale for 
classifying environments on the ground. This is done by comparing the 
classification of map data read into the 78 x 300m2 cells in the study 
area with a similar classification of the 12 general environmental 
attributes collected at the centres of the same 78 cells (centric 
systematic samples) at sites on the ground. 
It is to be emphasised that the present objective is not to 
compare environmental details. The emphasis of this work is on comparing 
patterns. Analyses of the importance of the 17 vegetation structural and 
floristic attributes taken at each site and not used here and a more 
critical appraisal of environmental classification are planned for later 
stages in this study. 
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2.1 
	 Correlation Matrix 
An examination of the 20 x 20 correlation matrix shows many of 
the variables to be highly correlated (r > 0.357 df = 80, p < 0.001). The 
strongest correlations occur between high and low elevations (r = 0.91), 
slope 100m and slope 250m (r = 0.86 Table 21). Most significant 
correlations occur between topographic variables; these include: slopes 
over 100m and 250m, contours in the four quadrants of the cell and, low 
and high elevations. This set of variables also shows high correlations 
with variables describing vegetation formations, eg. slopes over 100m and 
250m with open forest, and high and low elevations with dry heath. 
Highly significant negative correlations are listed in Table 
22. 	 The largest negative correlations occur between sheltered and 
intermediate aspect (r = -0.78), wet heath and woodland (r = -0.53) and 
slope 100m and wet heath (r = -0.50). Topographic variables in Table 18 
are generally correlated (negatively) with vegetation formations and 
aspect variables rather than with other topographic variables. Variables 
describing vegetation formations are highly (negatively) correlated with 
each other, eg. dry heath with woodland (r = -0.37), dry heath with open 
forest (r = -0.36) and open forest with sedgeland (r = 0.31), and show a 
strong relationship with slope. Steeper slopes are positively correlated 
with open forest and rainforest, while negatively correlated with 
sedgeland and wet heath. 	 The matrix shows that particular vegetation 
formations generally exclude others, eg. increasing extent of wet heath 
and dry heath is negatively associated with woodland and open forest. 
This exclusion is linked with topography; the flatter the terrain the 
less suitable is the environment for tree growth. Gentler slopes support 
wet heath and sedge growth forms, which is linked to their ability to 
survive in shallow soils with impeded drainage for several months of the 
year. 
2.2 
	 Principal Components Analysis 
The 300m2 grid map data correlation matrix was reduced by PCA to 
8 dimensions by imposing an arbitrary 80% cut-off level on the variance 
explained. The first 3 vectors accounted for 50% of this variance (25.7%, 
15.2% and 9.1% respectively). 
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Table 21 Very high positive correlation values for pairs of variables in 
the 300m2  grid data set. 
Pairs of variables 	 r value 
1. High elevation 
2. Slope 250m 
3. Slope 250m 
4. East contour 
5. Slope 250m 
6. Rainforest 
7. North contour 
8. South contour 
9. East contour 
10. Low elevation 
11. South contour 
12. West contour 
13. Low elevation 
14. Low elevation 
15. High elevation 
16. East contour 
17. Slope 250m 
18. East contour 
19. South contour 
20. Slope 100m  
and low elevation 
slope 100m 
north contour 
south contour 
If 
south contour 
cliff 
slope 100m 
slope 100m 
slope 250m 
wet heath 
open forest 
slope 250m 
open forest 
dry heath 
dry heath 
open forest 
open forest 
rainforest 
It 
north contour 
open forest 
0.91 
0.86 
0.69 
0.67 
0.67 
0.66 
0.65 
0.64 
0.64 
0.59 
0.53 
0.52 
0.51 
0.50 
0.47 
0.47 
0.47 
0.46 
0.46 
0.45 
(r > 0.357 d.f. = 80 at P < 0.001) 
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Table 22 Very high negative correlation values for pairs of variables in 
the 300m2 grid data set. 
Pairs of variables 
	
r value 
-0.78 
-0.53 
-0.50 
-0.46 
-0.39 
-0.38 
-0.37 
-0.37 
-0.37 
-0.36 
-0.35 
-0.34 
-0.33 
-0.32 
-0.32 
-0.31 
-0.31 
-0.31 
1. Sheltered aspect 
	 and intermediate aspect 
2. wet heath 	 ,. woodland 
3. slope 100m 	 .. wet heath 
4. low elevation 	 " rainforest 
5. slope 100m 	 „ sedgeland 
6. contour west 	 II wet heath 
7. high elevation 	 ,, woodland 
8. dry heath 	 II woodland 
9. intermediate aspect " slope 250m 
10. dry heath 	 .. open forest 
11. high elevation 	 " open forest 
12. intermediate aspect " exposed aspect 
13. low elevation 	 .. east contour 
14. wet heath 
	
„ south contour 
15. wet heath 	 II east contour 
16. sheltered aspect 	 .. exposed aspect 
17. wet heath 	 " north contour 
18. open forest 	 " sedgeland 
(r = 0.357 df = 80 at P < 0.001) 
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2.3 	 Cluster analysis 
The reduced set of 8 coordinates from the PCA were initially 
clustered using hierarchical cluster analysis into 6 groups. Six groups 
were chosen so as to be consistent with the six groups determined in the 
previous analysis for selecting appropriate grid size (Section VI.a). An 
examination of the structure of the dendrogram (Figure 22) revealed that 6 
groups did not adequately describe the major branch-divisions of the 
classification tree, which showed one large group of 55 cells and several 
smaller groups. The large group was separated into two smaller groups of 
36 and 19 cells. The largest group is group 1 with 36 cells. This is 
followed by group 4 with 19 cells, groups 2 with 11 cells, group 5 with 6 
cells, and groups 3, 5 and 6 with 3 or fewer. 
Estimation of the strengths of association between the groups in 
the dendrogram (Figure 22) shows that groups 1 and 4 and 2 and 5 form low-
down in the dendrogram. These two sets of groups are joined higher in the 
tree after the union of groups 3 and 7, 1 and 4, and 2 and 5. Group 6 
appears to be most dissimilar because of its relatively high position in 
the tree before it joins with the other groups. 
2.4 	 Plot of first two components 
The plot of the cells in the first two components illustrates 
that groups 3, 6 and 7 are very different from the other four groups 
(Figure 23). Groups 3 and 7 appear to be related while group 6 is well 
separated. Groups 1, 2, 4 and 5 form overlapping groups within a large 
cluster of cells. Groups 2 and 5 are most similar to group 4, and group 1 
appears most similar to group 2. 	 The large overlap indicates more 
information remains in succeeding dimensions. 
2.5 	 Group means: description and distribution 
Group means were calculated for each of the 7 groups to 
determine the information each variable contributed to the character of 
the groups. Within each group, means of variables were calculated and 
converted to deciles (Table 23) and used to plot star symbols (Section 
IV.h) (Figure 24) and Chernoff faces (Section IV.h) (Figure 25), to 
provide visual aids to assist in describing group structure, and to enable 
rapid and sensible comparisons to be made between groups. A brief 
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Long gentle slopes, intermediate 
aspects, 	 dissected 	 by 	 streams, (NI supporting open woodland, wet heath, 
some 	 sedgeland 	 and 	 rockland. 
Restricted to south-east of plot. 
Long gentle slopes, intermediate to 
exposed aspects, dissected by streams, 
Lr) 	 supporting woodland and minor patches 
of open forest. Restricted to east of 
plot. 
Gentle slopes on exposed and 
intermediate aspects with streams; 
sedgeland, wet heath and dry heath. 
Widespread in west and east of plot. 
Moderate short slopes on intermediate 
aspect, some exposed and sheltered 
o aspects. 	 West contour and streams 
important. 	 Open forest and woodland 
minor patches of wet and dry heaths. 
Situated in central and northern 
portion of plot. 
High relief, long moderate and short 
steep slopes mainly on north contours, 
Ce) 	
aspect 	 exposed 	 to 	 intermediate; 
rockland and dry heath some woodland. 
Wet heath minor. Restricted to plateau 
of Mt Tianjara. 
High relief, short steep slopes mainly 
on south east and west contours. 
Sheltered aspect supporting open 
forest. 	 Restricted to north east 
slopes of Mt Tianjara. 
High relief, short and long steep 
csi slopes mainly on west contours. 
Sheltered aspect supporting open 
forest, rainforest and rockland. 
Restricted to south-east of plot. 
Figure 22 Dendrogram illustrating the similarity between the 7 300m2  
systematic grid map groups. 
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Figure 23 	 Plot of the first two components of a PCA illustrating the 
clustering of 300m2 map data cells. 
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Table 	 23 Variables comprising 	 the 
	 seven 	 300m2 	 grid 	 map 	 data 	 groups. 
values 	 (deciles) describe the relative weight of each 
comprising the total group means. 
Numerical 
variable 
Variates Variate Groups 
Codes* 1 2 3 4 5 6 7 
High elevation high 6 2 9 3 0 0 9 
Low elevation low 9 5 9 5 4 0 7 
North contour CN 0 0 9 2 0 5 6 
South contour CS 0 0 3 1 0 4 9 
East contour CE 0 0 1 1 0 5 9 
West contour CW 0 4 6 9 0 9 9 
Slope 100m s% 0 0 6 2 0 5 9 
Streams streams 6 7 0 9 6 3 0 
Exposed aspect Al 9 1 6 2 3 0 0 
Intermediate aspect A2 7 9 6 6 8 0 0 
Sheltered aspect A3 0 0 1 3 1 9 9 
Rockland R 0 2 9 0 0 7 0 
Dry heath D 9 0 6 1 0 0 0 
Wet heath W 9 4 3 1 0 0 0 
Sedgeland S 9 2 0 0 0 0 0 
Open woodland OW 0 9 0 0 0 0 0 
Woodland WD 0 1 5 3 9 1 0 
Open forest OF 0 1 0 5 1 5 9 
Rainforest RR 0 0 0 0 0 9 0 
Slope 250m slope 0 0 3 0 1 9 0 
* used for plotting star symbols and Chernoff faces. 
STREAMS 
CN 
LOW 
HIGH 
WD 	 OF 
A2 
LOW 
A3 SLOPE 
%S 	 CE 
STREAMS 
6. 
A3 
125 
°AS 	 CW 
Figure 24a 	 Star symbols illustrating the main variables comprising 
group means for 6 of the 7 300m2 grid map data groups. 
Variable codes are listed in Table 21. 
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CW 
 
A3 HIGH 
7. 
OF 
Figure 24b 	 Star symbols illustrating the main variables comprising 
group means for group 7 of the 7 300m2 grid map data 
groups. Variable codes are listed in Table 21. 
GROUP 5 
GROUP 6 
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GROUP 1 GROUP 4 
GROUP 2 
GROUP 3 
GROUP 7 
Figure 25 
	 Chernoff faces illustrating the similarity between group 
means for the 7 300m2 grid map data groups. 
128 
description of each group, presented in Figure 22, is derived from the 
plots of star symbols, in conjunction with Figure 26 which illustrates the 
distribution of the different groups within the study area. 
Examination of the 7 groups using Chernoff faces shows groups 2 
and 4 to be most similar, followed by group 5. Groups 1 and 3 share some 
similarities and group 7 is somewhat similar to both. Group 6 is unlike 
all other groups. 
Groups 2, 4 and 5 are similar because they sample gentle slopes 
which are dissected by streams. The dominant vegetation in groups 4 and 5 
is similar, with open forest and woodland in the former and woodland and 
open forest in the latter. Group 2 contains open woodland with only minor 
extents of woodland and open forest. 	 Group 2 and 4 both share wet 
heath. All three groups share significant amounts of intermediate aspect, 
with minor amounts of exposed aspects. 
Groups 1 and 3 are similar in that they are mainly exposed and 
intermediate. Both groups have large amounts of dry heath. Group 1 has 
sedgeland and more wet heath than group 3, whereas group 3 has rockland 
and woodland. 	 Group 7, while it describes open forest on sheltered 
aspects, is similar to groups 1 and 3, suggesting dry heath and rockland 
may be present but in low amounts. Group 7 is situated over a boundary 
between heathland on a plateau surface and open forest on the slopes below 
the plateau. 
Group 6 is restricted to rainforest and open forest habitat on 
the sheltered, steep slopes in the south-east of the study area. 
3 	 Analysis of the ground site data measured within the 300m2 grid 
cells 
3.1 	 Correlation matrix 
Examination of the 12 x 12 correlation matrix of variables 
measured at sites on the ground showed most of the habitat variables to be 
positively correlated. Table 24 presents the highly correlated pairs of 
variables. 	 The strongest correlations were observed between exposure 
(slope protection) and litter depth (r = 0.80), log decomposition and 
litter depth (r = 0.80), litter depth and litter percent (r = 0.78) and 
GROUP: 	 p 1,A2 03 103 4 O5 06 07 
MEMBERSHIP : 	 36 	 11 	 3 	 19 	 6 	 2 	 1 
0 El CI 0 El 0 0 Cs seA es 
0 0 CI 0 0 0 0 )60( 61 s s 8 s 
0 0 0 0 Ci e A A 8 G 8 8 44 
0 0 0 cl e A A ED E 0 e (3 29 
El 0 8 * S 20 
 A A 0 0 25  8 14 
0 0 0 0 CI )6(  0 L\ ne CI A  O.  <> 
Figure 26 Plot of the distribution of the seven 300m2 grid map data groups in the study area. 
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Table 24 Pairs of variables with very high positive correlation values 
observed in the 300m2 grid ground site data. 
Pairs of variables 	 r value 
1. Exposure (protection) and 
2. Log decomposition 
3. Litter depth 
4. Litter percent 
5. Exposure (protection) 
6. Exposure (protection) 911 
7. Stag number 
8. Litter depth 
9. Log decomposition 
10. Log decomposition 
11. Slope (steepness) 
12. Log decomposition 
13. Microrelief 
14. Exposure (protection) 
15. Stag number 	 911 
16. Slope (steepness) 
17. Log number 
18. Exposure (protection) 
19. Slope (steepness)  
litter depth 
litter depth 
litter percent 
fire (duration since) 
litter percent 
fire (duration since) 
log number 
fire (duration since) 
litter percent 
log number 
litter depth 
fire (duration since) 
log decomposition 
microrelief 
log decomposition 
microrelief 
litter depth 
log decomposition 
litter percent 
0.80 
0.80 
0.78 
0.78 
0.66 
0.62 
0.61 
0.60 
0.60 
0.57 
0.52 
0.49 
0.46 
0.46 
0.45 
0.44 
0.44 
0.42 
0.40 
(r > 0.338 d.f. = 90 at P < 0.001) 
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litter percent and fire (time since last burnt) (r = 0.78). 	 Three 
variables, litter depth, log decomposition and exposure were broadly 
correlated with 6-8 other variables. 
Litter combustibility and log decomposition were eliminated from 
further analyses. Litter combustibility was not significantly correlated 
with any of the other 11 variables measured, and log decomposition was 
highly correlated with exposure (slope protection). Two other variables, 
free water and aspect, showed low correlations with most other variables, 
but were included in further analyses because they provide surrogate 
measures for map data variables measured into the 300m2 grid cells. 
3.2 
	 Principal components analysis 
The 300m2 grid ground data correlation matrix was reduced to 5 
dimensions by imposing an arbitrary limit of 80% on the variance 
explained. The first vector accounted for 39.9%, the second 14.0% and the 
third 11.8% of the variance. 
3.3 	 Cluster analysis 
The reduced set of 5 coordinates from the PCA were clustered 
into 6 groups of sites by imposing an a priori threshold of 6 groups, as 
established during for selection of an appropriate grid size (Section 
VI.a). 	 As a check, the structure of the dendrogram, (Figure 27) was 
examined to see that variables measured were adequately described by the 6 
groups. 
Group 1 is the largest with 50 sites, the remaining 5 groups are 
all much smaller. Groups 2 and 4 have 14 and 15 sites respectively, and 
Groups 3, 4 and 6 all have less than 5 sites. 
Relationships between the groups are shown in the dendrogram. 
Groups 1 and 5 are most similar, and closest to these is group 5. Group 6 
adjoins groups 5, 2 and 1 higher-up, indicating their decreasing 
similarity. Finally, groups 3 and 4, which form a group relatively high-
up in the dendrogram, join the other 4 groups. Groups 3 and 4 are the 
most dissimilar of the 6 groups. 
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0 
;-1 
00 
Well protected on gentle slopes facing 
• west to north. Not recently burnt. 
Moderate logs, stags and rocky scarps 
M (--.4 near streams. 	 Large amounts of 
litter. Restricted to north-east of 
plot. Probably an open forest. 
On steep slopes below a .Tacky scarp. 
Moderate protection on south to west 
aspects, recently burnt. Litter 
production high. 	 Situated on sloper 
hr) 
 below Mt Tianjara. 	 Probably an open 
forest. 
Gentle slopes, west to north-west 
aspects exposed, minimal free water and 
- microrelief. 	 No logs, litter and 
,-4 	 stags. 	 Situated in west and south- 
east. 	 Probably heathlands and 
sedgelands. 
Moderate slopes with rocky scarps on 
north to east aspects. Recently 
tr) 
r--% burnt. 	 Sites protected with water. 
Cs4 e--I Few logs and stags, litter minimal. ,._ 
Tt Distributed throughout the area. 
,-I 
Probably a woodland. 
North to east aspects on gentle 
slopes. 	 Moderately exposed, large 
Ln - values for stags, moderate litter. 
Situated in the east of the plot. 
- Probably an open forest. 
West to north aspects, exposed gentle 
slopes. 	 Recent fire, many stags and 
logs and little litter. 	 Situated in 
the east of the plot. 	 Probably a 
woodland or open forest. 
( 
Figure 27 	 Dendrogram illustrating the similarity between the 6 300m2  
ground data site groups. Values n(n) refer to: 
n the sites of the ground data sample (89 in total) 
(n) the cells coincident with the map data (78 in total) 
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3.4 
	
Plot of the first two components 
Sites plotted against the first two vectors show that only the 
smaller groups 3, 4, 5 and 6 are reasonably well separated, whereas the 
larger groups 1 and 2 overlap Figure 28. Even within the smaller groups 
there is some overlap indicating more information remains in the 
succeeding dimensions. 
3.5 	 Group means: description and distribution 
Group means calculated for the 6 groups provide the basis for 
determining the relative importance of the ten variables comprising each 
group. Means of variables were converted to deciles (Table 25) and group 
means were plotted as star symbols and Chernoff faces (Section IV.h) as 
aids to the characterization and comparison of groups (Figures 29 and 30 
respectively). Means of variables from Table 25 and Figure 29 provide the 
basis for labelling the six branches of the dendrogram (Figure 27). The 
brief descriptions of each group in Figure 27 is derived from the plots of 
star symbols, in conjunction with Figure 31 which illustrates the 
distribution of the different groups within the study area. 
Examination of the Chernoff faces in Figure 30 indicates that 
groups 1 and 2 are most similar, with group 6 closely resembling groups 1 
and 2. 	 The remaining three groups are all different from each other, 
although groups 4 and 5 share a marginal similarity. Group 3 stands on 
its own. 
Groups 1 and 2 are both situated on gentle slopes, have been 
recently burnt and both support streams. Apart from the high aspect value 
in group 1, both are situated on north-west to north-east aspects and on 
moderately exposed to very exposed situations. Group 6, like groups 1 and 
2 is situated on exposed, gentle slopes oriented on west to north 
aspects. Recent fires have reduced the available litter. Group 2 has 
large amounts of rocky habitat, whereas group 6 has large values for stags 
and logs. 
Groups 4 and 5 are similar in that they have not been burnt 
recently, have rocky scarps, and a relatively large build-up of litter. 
Both groups are moderately well protected and are situated on north 
through east to north-east aspects. Groups 4, however, is situated on 
steeper slopes and group 5 has more logs and stags. 
6- 
23 
54 	 53 GROUP@ 
28 73 	 86 	 69 29 
74 58 	 55 
14 	 37 
6,77 	 45 489 
24 	 21 
62 66,52 
	 59 
25,35 
	
71 	 2,17,87 
GROUPSTAND® 
4- 
2- 
0- 
-2 - 
4 	  6 -4 	 -2 	 0 	 I 	 2 4 
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Figure 28 	 Plot of the first two components of a PCA illustrating the 
clustering of 300m2 grid ground data sites. 
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Table 	 25 Variables 	 comprising the 	 six 	 300m2 	 ground 
	 site 	 groups. 
describe the relative weight of each 
to the total group means. 
Numerical values 	 (deciles) 
variable contributing 
Variates Variate Groups 
codes* 1 2 3 4 5 6 
Fire (duration since) fire 0 0 9 3 3 0 
Litter percent litper 0 1 9 6 3 0 
Litter depth litdep 0 3 9 7 4 2 
Log number logno 0 2 3 1 2 9 
Microrelief micror 0 9 5 8 2 0 
Stag numbers stags 0 1 3 1 5 9 
Freewater (streams) freew 2 5 9 0 0 0 
Exposure (site protection) expos 0 4 9 3 5 1 
Slope steepness slope 0 2 2 9 0 0 
Aspect (degrees) aspect 9 1 8 4 0 7 
* used for plotting star symbols and Chernoff faces. 
Figure 29 Star symbols illustrating the main variables comprising 
group means for the 6 300m2 grid ground site data groups. 
Variable codes are listed in Table 23. 
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SLOPE 
2. 
EXPOSURE 
LITDEP 
6. 	 ASPECT 5. 	 EXPOSURE 
MICROR 
STAGS 
LOGNO 
3. 
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Figure 30 
	
Chernoff faces illustrating the similarity between group 
means for the 6 300m2 grid ground site data groups. 
GROUP: 
	
Q2 03 2034 05 06 
MEMBERSHIP: 	 50 (41) 14 (13) 	 2 (2) 	 4 (3) 	 15 (15) 	 4 (4) 
El El El 81  
75 
$ El rcx 0 0 ® C. 30 
A El El 0 67 
2 
 
® A A 0 e o 62 63 
AA 47 48  El E El El 8 e C) E C) C) A 
El El El E A CD. C) 8 0 B El 0 e El 
A El ID A A El 8 0 8 8 e 17 HO 
ED ID 0 in. E:1 e 0.[D EGA 1 	 2 3 	 4 
Figure 31 Plot of the distribution of the six 300m
2 grid gound data in the study area. Cells in 
brackets coincide with the278 cells for the 300m grid map data, as do sites situated in the centre of each 300m cell. 
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Group 3 is in a protected situation, which probably prevents 
wildfires thus giving large values for stags, logs and litter, and is the 
only environment with large values for free water. 
d) 
	
	 Comparisons of Classifications of the 300m2 Grid Map Data and 
Ground Site Data 
i) Cross tabulation of classification groups 
Groups derived from the hierarchical classification of the 300m2  
grid map data and the ground site data are presented as a 7 x 6 matrix in 
Table 26. 	 The relationship between the two classification sets is 
significant (d.f. = 30, p < 0.005). 
The map data show that 66 of the 78 cells occur in 3 large map 
groups (M1, M2 and M4). 	 Similarly, the ground sites occur in 3 large 
ground groups (G1, G2 and G5). The relationships between these and the 
minor groups are shown in Table 27. 
Group M1 (heathlands) is almost completely matched by G1 (33/36, 
(cells/sites)) and they can be accepted as being essentially similar, even 
though G1 overlaps M2 and M4 in a minor way. 
Groups M2 and M4 (mainly large extents of woodlands) match G2 
and G5 strongly (24/30). Within these the strongest relation is between 
M4 and G2 and G5 (13/19). 	 In the minor groupings the only match is 
between M3 and M7 (forests and heaths on steep slopes) and G4 (3/3). 
The matrix therefore shows that a strong match occurs between 
the major groups of the two classifications, but that there are numerous 
mismatches among the minor groups. 
ii) Comparison between map and ground site data sets using 
Procrustes rotation 
In order to explore the nature of these relations a Procrustes 
rotation analysis (Section IV.d) was carried out on the first 8 PCA 
vectors of both the map data and the ground data sets. 	 Procrustes 
rotation measures the overall 'best fit' of the set of vectors to each 
other in terms of the sites and the distributions of variables within 
them, and makes it possible to examine the reasons for mismatching of 
cells and sites where this occurs. 
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GROUND 	 SITE 	 GROUPS 
1 	 2 	 3 	 4 	 5 	 6 
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TO
TA
LS
 
MAP 	 DATA 	 GROUPS 
1 
2 
3 
4 
5 
6 
7 
Gentle slopes on exposed and 
intermediate aspects supporting 
streams; 	 sedgeland, wet heath 
and dry heath. 
33 3 0 0 0 0 36 
Long gentle slopes, intermediate 
to exposed aspects, dissected by 
streams, supporting woodland and 
minor patches of open forest. 
3 2 0 0 3 3 11 
High relief, moderate short steep 
slopes mainly on north contours, 
exposed to intermediate; 
rockland and dry heath, some 
woodland. 
1 0 0 2 0 0 3 
Moderate slopes on intermediate 
aspect, some exposed and 
sheltered aspects. 	 West contour 
and streams important. 	 Open 
forest and woodland minor patches 
of wet and dry heaths. 
3 6 2 0 7 1 19 
Long gentle slopes, intermediate 
aspects, dissected by streams, 
supporting open woodland, wet 
heath, some sedgeland and 
rockland. 
1 1 0 0 4 0 6 
High relief, long steep slopes 
mainly on west contours. 
Sheltered aspect supporting 
rainforest. 	 Associated with a 
cliff. 
0 1 0 0 1 0 2 
High relief, short steep slopes 
mainly on south-east and west 
contours sheltered aspect 
supporting open forest. 
0 0 0 1 0 0 1 
TOTALS 41 13 2 3 15 4 78 
Table 26 Cross tabulation of the 300m2 systematic grid map data groups against ground site data groups. 
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Table 27: Cross tabulation of major and minor 300m2 grid cell groups and 
ground site groups. 
a) Number of Cells in Major Groups 
Group G1* G2  G5 Totals Minor Groups 
Present 
M1* 33 3 0 33/36 G2  
M2 3 2 3 8/11 G6 
M4 3 6 7 16/19 G3,G6 
60/66 
Totals 39/41 11/13 10/15 60/69 
Minor Groups M3M5 145,M6 1/1 	 M 6 
Present 
b) Number of Cells in Minor Groups 
Group G3  G4  G6  Totals 
M3  0 2 0 2/3 
M5  0 0 0 0/6 
M6 
 
0 0 0 0/2 
M7  0 1 0 1/1 
3/12 
Totals 0/2 3/3 0/4 3/9 
N.B.: 	 Gn* Ground site group number 
Mn* Map data group number 
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Calculation of the PCA vectors showed that the first two vectors 
of each data set (map and ground) accounted for 56 percent and 59 percent 
of the variability respectively. By combining the two data sets this was 
increased to 64 percent showing that they were related. 
The analysis showed clearly that there is an 80 percent match 
between the two sets of vectors, which agrees with the general statements 
made above relating to visual observation of the matrices in Tables 26 
and 27. 
The 20 percent mismatch was examined by comparing the residual 
variances of the cells against the total variance. The 19 cells 
exhibiting the largest residual values and largest ratios (residual/total 
deviation x 100) are tabulated (Table 28). In addition, all 78 cells were 
plotted against the first two Procrustes coordinates and examined. The 
plot revealed no obvious differences in the pattern of cells in both map 
data and ground data, showing they are measuring variables with similar 
variances. 
Examination of the plot of the coordinates of the 19 most 
different cells (Figure 32) shows that they may be visually clustered into 
5 clusters. 	 Each cluster is described in terms of their original 
attributes (Table 29). 
	 Their geographical relationships are shown in 
Figure 33 and represent mismatches between map data and ground data 
classification sets listed in Table 30. 
In summary, differences between the map data and ground data 
sets can be attributed to the failure of the former to either measure the 
existence of, or the sufficient magnitude of variables measured on the 
ground. Mismatches recognized in Table 29 may be summarized into three 
categories: 
i) 	 Ground site coding difference. 
This occurred at sites where a predicted variable was 
present but was not recorded by the observer. For 
example, the presence of streams was only recorded if 
surface water was present. 	 In this instant two 
mismatches with variables read on airphotographs and 
maps occurred: 
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Table 28 Sites which exhibit high residual values derived from a 
Procrustes rotation analysis of the 300m2 grid map data and 
ground site data sets. 
Site Residual Total Variation 
x 100 
Centroid* 
Configuration Cluster 
1. 6 0.006 55 3 
2. 7 0.005 71 3 
3. 12 0.026 37 1 
4. 13 0.026 19 1 
5. 15 0.010 42 4 
6. 22 0.006 33 4 
7. 27 0.007 47 4 
8. 33 0.007 41 3 
9. 35 0.007 37 4 
10. 47 0.010 22 5 
11. 51 0.005 46 3 
12. 52 0.010 48 3 
13. 61 0.008 73 3 
14. 67 0.006 67 4 
15. 72 0.018 67 4 
16. 74 0.009 11 1 
17. 76 0.008 53 3 
18. 77 0.014 22 2 
19. 78 0.008 42 3 
* Centroid configuration cluster refers to sites which share 	 similar 
variable mismatches between the map data and ground site (see Table 
30). 
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Figure 32 	 Plot of the first two coordinates for the 300m2 grid 
centroid configuration, illustrating clusters of the most 
different sites. 
Table 29. List of cluster group and environmental descriptions for the 19 most different cells between the 300m2 grid 
map data and the 300m ground data. Cells are grouped into 5 groups delineated in Figure 32 and are 
described in terms of original variables. 
Cluster 	 Component 	 General Description 	 Variable Predicted By 	 Variable Measured 	 Reason For 
Group 	 cells 	 of Environment 	 the Map Data 	 by Ground Data 	 Apparent Mismatch 
1 	 13, 74 	 Open forest and 	 Streams 	 Nil recorded 	 Undersampling on 
rainforest on steep, 	 the ground 
sheltered slopes 
12 	 As for above sites 
74 	 As for above sites 
Extensive rocky 
habitat (cliffs) 
Aspect dominated by 
intermediate with 
some sheltered 
Nil recorded 
Very sheltered 
Undersampling of rocky 
habitat on the ground 
Undersampling of 
intermediate aspect 
I. 
2 
	
77 	 Open forest on slopes 	 No rocky habitat 	 Minor rocky habitat Small scale resolution of (ri 
the map data source 
3 
	
6, 52, 	 Woodland and open 	 No rocky habitat 	 Minor to moderate 	 Small scale resolution 
61 & 76 forest on gentle slopes 	 extents of rocky 	 of the map stratification 
habitat 	 data source 
33, 51 
	
As for above sites 	 Streams 	 Nil recorded 	 Ground sampling 
52, 76 	 under sampled 
and 78 	 streams 
Table 29 (cont'd) 
Cluster 	 Component 	 General Description 	 Variable Predicted By 	 Variable Measured 
	
Reason 
Group 	 cells 	 of Environment 	 the Map Data 	 by Ground Data 	 Apparent Mismatch 
4 
	
15, 35 & 
	
Low, structurally 	 Streams 	 Nil recorded 
	
Ground 
67 	 simple vegetation 	 undersampled 
formations on gentle 	 streams 
slopes 
Intermediate with some 
sheltered aspects 
No rockland 
(rocky habitat) 
Open woodland was 
measured as equally 
abundant with wet 
heath 
	
Highly exposed 	 Small scale resolution of 
	
to moderately 	 map data 
exposed situations 	 source 
Minor extents of 
	
Small scale resolution of 
	
rocky habitat 	 map data 
source 
No record of 'tree 	 Undersampling 
cover' indices e.g. 	 of open 
litter, logs and 	 woodland 
stags 
15, 22, 27, 	 As for above sites 
67 & 72 
	
15, 27 
	
As for above sites 
	
22, 35 
	
As for above sites 
72 	 As for above sites 	 No streams 	 Free water recorded Small scale resolution of 
in a large bomb 	 map data 
crater 	 source 
5 47 	 Open woodland on gentle 
slopes with 
intermediate aspect 
Open woodland and 
open forest 
measured as 
codominants with 
some wet heath 
	
Very large numbers 	 Small scale resolution of 
	
of logs and stags 	 map data 
were measured 	 source 
GROUP: 
	
Z•2 03 C34 05  
MEMBERSHIP: 	 3 	 1 	 8 	 6 	 1 
66 e 68 69 70 71 s 73 0 75 0 A e 
53 54 55 56 57 58 59 60 0 62  63 64 65 
40 41 42 43 44 45 46 0 48 49 50 C> C> 
0 28 29 30 31  32 C> 34 e 36 37 38 39 
14 s 16 17 18 	 - 19 20 21 e 23 24 25 26 
1 2 3 4 5 0 0 8 9 10 11 8 12 
Figure 33 Plot of the distribution of the most different sites between the 300m
2 
 grid map data and 
the ground site data sets. 
 
Table 30 Relationship between the 19 most different sites and the 300m2 grid map data groups and 
ground site data groups. 
Nineteen most 
different sites 
Map data cell 
numbers 
(Figure 26) 
Map 
classification 
group 
Ground site 
numbers 
(Figure 31) 
Ground site 
classification 
group 
Mismatch 
group number 
(Figure 32) 
1 6 4 8 2 3 
2 7 4 9 1 3 
3 12 6 14 5 1 
4 13 6 15 2 1 
5 15 1 17 1 4 
6 22 2 24 1 4 
7 27 1 31 1 4 
8 33 4 37 5 3 
9 35 2 39 1 4 
10 47 2 54 6 5 
11 51 5 58 5 3 
12 52 5 59 2 3 
13 61 2 70 2 3 
14 67 1 78 1 4 
15 72 1 83 1 4 
16 74 4 85 3 1 
17 76 2 87 2 3 
18 77 4 88 3 2 
19 78 4 89 2 3 
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a. where sites were situated in dry creek beds (sites 
33, 52 and 74) and, 
b. where sites were situated in damp peaty drainage 
depressions (sites 15 and 77). 
ii) Undersampling on ground. 
This mismatch occurred because a site sampled only 10% 
of the area of a map classification cell. Obviously, 
not all the variation present in a 300m2 cell could be 
sampled by a single sample (eg. Table 29, sites 12, 13, 
22 and 74). 
iii) Small scale resolution of the map data. 
Mismatch occurred where a particular variable was 
measured exclusively on the ground or was measured in 
greater proportions on the ground than was expected in 
the map data (eg. Table 29, sites 15, 22, 27 and 61). 
It is highly likely that the inclusion of more explicit 
vegetation attributes will materially assist in increasing the match 
between classifications derived from map data and ground data. 	 The 
necessary vegetation data were collected at the same time as the general 
environmental attributes used above, and it is planned to expand the work 
to incorporate them into the analyses when time permits. 
The results in this section show conclusively that the scale of 
a 300m2 grid cell as determined from analysis of data from maps and 
airphotographs is an appropriate scale for measuring environmental pattern 
at Tianjara. 
150 
ii) 	 Natural Patterns 
1. 	 Analysis of the Natural Pattern Ground Site Data 
The objective of the work presented in this section is to 
determine if natural patterns are an appropriate scale for classifying the 
environments on the ground. This is done by comparing the classification 
of map data (complex land units) read from air photos with a 
classification of the 12 general environmental attributes collected in the 
larger CLU's at representative sites on the ground. 
As was mentioned above in the analysis of the systematic grid 
cells, the emphasis of this work is not to compare environmental details 
but to compare patterns of similar attributes. A more critical appraisal 
of the environmental classification is planned in the later stages of this 
study where the 17 vegetation attributes measured at sites on the ground, 
and not used here, will be analysed. 
1.1 	 Correlation matrix 
Examination of the 12 x 12 correlation matrix of the variables 
listed in Table 31 showed a large number to have high positive 
correlations at the P < 0.001 level of significance (r = 0.321). Several 
variables, litter combustibility, free water and aspect, showed very low 
correlations with the other variables. 
The highest correlations between pairs of variables are listed 
in Table 31. The largest correlations occurred between exposure (slope 
protection) and log decomposition (r = 0.80), suggesting that the more 
protected the site the more likely that logs will decay. 	 High 
correlations were also observed between related variables, for example, 
litter depth and litter per cent (r = 0.77) and , log number and log 
decomposition (r = 0.74). Several variables were highly correlated with 
many other variables, including litter depth and per cent, log number and 
decomposition, exposure (slope protection), slope (steepness) and fire 
(duration of since the last wildfire). 
As a result of this assessment two variables, log decomposition 
and litter combustibility, were discarded from further analysis, being 
almost perfectly linearly related to each other. 
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Table 31 Pairs of variables with very high positive correlation values 
observed in the natural pattern ground site data set. 
Pairs of variables 	 r value 
1.  Exposure (slope protection) and Log decomposition 0.80 
2.  Litter depth Litter percent 0.77 
3.  Log decomposition Log number 0.74 
4.  Exposure (slope protection) Litter percent 0.68 
5.  Log decomposition Litter depth 0.65 
6.  Exposure (slope protection) Litter depth 0.65 
7.  Log decomposition Litter percent 0.61 
8.  Litter depth Fire (duration since) 0.57 
9.  Litter percent Fire (duration since) 0.55 
10.  If Slope Litter depth 0.55 
11.  Stags (number) Log decomposition 0.55 
12.  If Log number Litter depth 0.51 
13.  Slope Micro-relief 0.51 
14.  Log number Litter percent 0.50 
15.  Litter percent Slope 0.49 
16.  Stags (number) Log number 0.46 
(r > 0.321 	 d.f. = 100 at P < 0.001) 
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1.2 
	
Principal components analysis 
The ground site data correlation matrix was reduced to 5 
dimensions by imposing an arbitrary cut-off of 80% on the variance 
explained by the summation of vectors. The first vector accounted for 
42.4%, the second 15.8% and the third 11% of the variance. 
1.3 	 Cluster analysis 
The reduced set of 5 coordinates from the PCA were clustered 
into 6 groups of sites by imposing a threshold of 6 groups. This number 
of groups, previously established in analyses of different grid sizes, was 
maintained here for consistency. However, in order to check whether 6 
groups were necessary and sufficient the structure of the dendrogram was 
examined. 	 Assessment of the 6 groups imposed onto the tree structure 
indicated that 6 groups were adequate. 	 To breakup the largest group 
(group 5) would have resulted in the proliferation of smaller groups 
within the already small group sizes. Figure 34 illustrates the 
dendrogram and the membership of each group. The largest group is group 5 
with 53 sites, which is followed by group 1 with 20 sites. 	 Group 4 
comprises 11 sites and groups 2, 3 and 6 all comprise 5 or less sites. 
Examination of group similarity within the dendrogram shows 
groups 2 and 4 form lowest down in the tree, and adjoining these groups is 
group 6. Groups 1 and 3 join higher-up in the dendrogram and in turn are 
joined by group 5, indicating dissimilarity between these groups. The 
last union brings the two sets of three groups together. 
1.4 	 Plot of the first two components 
Sites plotted against the first two vectors suggested them to be 
poorly clustered. However, when the memberships of the 6 groups from the 
cluster analysis were plotted over the sites some of the groups were shown 
to be quite tight. 	 Group 3 was well separated, but, the remaining 5 
groups show only reasonable separation. 	 Several of the groups were 
involuted, suggesting that greater separation between them would be 
obtained in the succeeding dimensions (see Figure 35). 
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Steep rocky slopes, aspect west 
to north, highly exposed. 
Recently burnt, high logs and" 
stags, moderate litter. Probably 
a forest. 
Steep slopes with north to east 
aspect well protected. Extensive 
s:r 	 rocky scarps. Not recently 
burnt. Litter and logs high. 
Probably a forest. 
Moderate slopes, well protected. 
Habitat not recently burnt, 
cvi re) 	 i.e. high value for logs, stags, 
litter. Probably a forest. 
Slopes gentle with aspects south 
to west. All sites are exposed. 
Li) 	 Litter absent, as are logs and 
stags and microrelief. Probably 
heathland and/or sedgeland,: 
Protected gentle slopes facing 
south to northwest. Free 
Cr) V) water high. Values for logs 
and stags high. Recently burnt. 
Probably a forest. 
Protected gentle slopes facing 
north to northeast. High 
c> numbers of logs and stags, 
cNI 
moderate litter. Probably a 
forest. 
Figure 34 
	
Dendrogram illustrating the similarity between the six 
natural pattern ground site groups. 
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Figure 35 
	 Plot of the first two components of a PCA illustrating the 
clustering of natural pattern ground site data. 
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1.5 	 Group means: description and distribution 
Group means were calculated to determine the relative importance 
of each variable to each group. Means of variables were converted to 
deciles (Table 32) and used to plot star charts (Figure 36) and Chernoff 
faces (Figure 37). The latter two figures enable the observer to make 
rapid and sensible comparisons between and within groups. 
A brief description of each group, presented in Figure 34, is 
derived from the plots of star symbols (Figure 36), in conjunction with 
Figure 38 which illustrates the distribution of the different site groups 
within the study area. 
Examination of the 6 groups using Chernoff faces (Figure 37) 
shows no two groups to be very similar. 
	 Marginal similarity occurs 
between groups 2 and 4 and between groups 1 and 5. Groups 3 and 6 are 
unlike all other groups. 
Groups 2 and 4 are similar because they share similar habitat 
protection, slope steepness, aspect and free water values. Although both 
have not been recently burnt, group 2 supports a greater amount of litter, 
logs and stags than does group 4. Group 4 by comparison contains more 
rocky scarps. 
Groups 1 and 5 are somewhat similar in that they have both been 
recently burnt, are situated on gentle slopes, support no free water and 
have similar aspects. 
	 Group 1 supports several large indices of 
vegetative cover, small though they are, it indicates this group describes 
a woodland or open forest. Group 5 does not record any vegetative cover 
values indicating it is describing heathland sites. 
Groups 3 and 6 bear little similarity either between themselves 
or with the other groups. Group 3 is characterized by abundant free 
water, gentle slopes and exposed aspects. The importance of logs, stags 
and litter indicate this group describes open forest. 
	 Group 6 is 
characterized by exposed steep rocky slopes. Very large amounts of logs 
and stags are present. This group probably samples a forested situation. 
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Table 	 32 Variables 	 comprising the 	 six 	 natural 	 pattern 	 ground 	 site 
values (deciles) describe the relative weight 
the total group means. 
groups. 	 Numerical 
of each variable to 
Variables Variable Groups 
codes* 1 2 3 4 5 6 
Fire (duration since) fire 0 9 0 8 0 1 
Litter percent litper 2 9 4 6 0 3 
Litter depth litdep 3 9 3 5 0 5 
Log number logno 9 5 9 6 0 9 
Microrelief micror 2 0 1 6 0 9 
Stag number stags 5 7 9 2 0 9 
Streams freew 0 1 9 0 0 0 
Exposure (slope protection) exposure 6 8 8 9 0 0 
Slope steepness slope 0 4 1 5 0 9 
Aspect (degrees) aspect 1 2 8 0 3 9 
* used for plotting star symbols and Chernoff faces. 
2. 
FREEW 	 ASPECT 
SLOPE 
LOGNO 	 LITPER 
FIRE 
STAGS 
LOGNO 
LITDEP 
LITPER 
ASPECT 
MICROR 
STAGS 
1. 
EXPOSURE 
LOGNO 
LITDEP 
MICROR 	 LITPER 
STAGS   	 FIRE 
4. 
LITDEP 
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EXPOSURE 
MICROR 	 LITDEP 
5. ASPECT 	 STAGS 
Figure 36: 
	
Star symbols illustrating the main variables comprising 
group means for the 6 natural pattern ground site groups. 
Variable codes are listed in Table 30. 
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GROUP 1 GROUP 4 
GROUP 2 .GROUP 5 
GROUP 3 GROUP 6 
Figure 37 
 : 	 Chernoff faces illustrating the similarity between group 
means for the 6 natural pattern ground site groups. 
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Figure 38 Plot of the distribution of the six natural pattern ground site groups in the study area. 
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2. 	 Relationships Between Complex Land Units and Natural Pattern 
Ground Site Data 
The occurrence of land units and CLU's were tabulated against 
the natural pattern ground site groups to determine whether CLU's were 
represented by variables measured on the ground (Table 33). The table 
reveals that CLU's are very much simplified, in that similar CLU's are 
grouped together. 	 In addition, some CLU's are 'split' into different 
ground site groups indicating that CLU's may comprise different 
environments even though they were mapped as uniform unique mapping areas 
at the scale of 1:27,000 in aerial photos (Gunn 1985). Relationships 
between the two classification sets will be presented in terms of the 6 
ground site groups using descriptions from Table 33. 
Classification of the ground site data shows the groups of sites 
to be far less spatially discriminating than the map of complex land units 
although the two are clearly related in general terms. 	 The following 
relationships were noted between the classification sets. 
Group 5 picks out all the lower, structurally simple vegetation 
associations (50/53 sites in seven complex land units)). This association 
describes: the heathlands (wet, and moist and dry), the sedgelands, and 
the mallee, as well as the tall heath/low shrubland. The remaining 3 
sites describe woodland and open forest situated on rock flats or rock 
scarps. 	 It appears that inclusion in the site classification of a 
vegetation association similar to that of Table 4 (Nicholls (1984) may 
have enhanced the separation of the latter 3 sites. In addition, these 
extra data would probably separate between land units if more than six 
ground site groups were defined. 
Group 3 (5/5) and group 6 (3/3) are fully explained by CLU 42. 
It appears these relationships were discriminated mainly on reasonably 
high values for litter, stags and logs indicating an open forest 
association and on slope. 
Group 2 is explained by CLU's 42 and 46. The relationship here 
appears to rest on slope, indicators of forest cover and site protection. 
Table 33 Cross tabulation of complex 
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land units against natural 
pattern ground site groups. 
... 
COMPLEX 	 LAND 	 LANOFORM 	 SOILS 	 VEGETATION 
LAND UNIT 	 UNIT 	 ELEMENTS 	 ASSOCIATIONS 
No No Massive earths, 
7 _Very gentle crest 	 moderately deep 
	
MaHee /low dry open heath 3 3 - 7 	 .7 7 
51 	 Very rocky summit surface 	 tjahnait: sandy  5045. Mallee 3 3 10 
Uniform sandy soils and 	 Syncoris- E. oiperita 
75_Steep meth.' upper slope 
	 humid loamy soils, deep 
	
open forest 2 1 3 e 19 	
,
e, 
Brown soils and humic 
	
E. onuellerens - Trisranio 
 	 76_Steep mairimal upper slope 	 loamy soils, deep 	 tall open forest 3 3 22 	  
Syncoroia-Lorostona tall open forest/ 72_Bouldery steep cliff-foot! 	 Uniform sandy soil, deep 	 Syncorpia.E.muellerons open forest 
-Cliff- foot bench 	 '''''' Humid loamy soils, 	 00,1'0,0,o -Cereperalum open forest 
, moderately deep I 
3 3 ,:.:.:.:. 	 i :. 25 	 ..*:':171 
__, 35 
-----i 
/15_Drainage depressionis..heo Organic and Mimic loamy soils, 	 Scrub or wet heath / sedgeland 
49_Drainage depressir....wer) Organic soils, deep 	 Scrub or wet heath/ sedgeland i n  
- 
8 8 
37 41_Gentle pedimev.iy phase) Massive earths, deep 	 Sedgeland 3 3 
10_Gent le slop( uendift erent iated) Massive earths, deep 	 Moist open heath/sedgeland 3 3 38 	 . 	 7., -sa- 
39_8ock flat 	 Rockland 	 E. sieberi - Coulon,: fora woodland 1 2 3 1" 	 V 	  41 	 •• 
12_Moderate scarp-loot slope 	 Massive earths, moderately deep 	 E. sieberi - E. gomoti I era open forest 
	
 22_Bouldery steep cliff-11  l I 	 Brown/grey brown soils, deep 	 E.piperiro-E. 	 open forest 
31_Moderate footslope (steeper) Massive earths. deep 	 E. oioe,ira- E. sieberi tall open forest 
46_Rocky moderate stream-sideipee Massive earths, shallow 	 E. sieheri - E.gqounIfera open forest/ f 	E. pperita-E.siebeei open forest 
42  
2 5 5 3 18 
- — - 67_Rocky moderate slope 	 Hume loamy soils. 43 	 Low dry open heath 
— 	 between scarps 	 moderately deep 
25_Gentle waxing upper slope 	 Massive earths. deep / 	 in 
47_Very gentle crest 	 Massive earths. deep 	
E. soeberi - E.gummileea open forest 
E.sieberi - E .goormi I eta open !west 7 1 10  , 	 N 46 	 11. 	 1 
	
43_Moderate slope 	 Massive earths and 
	
between scarps 	 humic loamy soils 	 Moist open heath ••.::• 47 	 :::::: 
	
- 	
 
37_Gentle slope above Organic soils, deep 
	
Moist open heath / sedgeland a 	 scarp 	 (steeper) 48 
/ 313_Flock flat 	 Rockland 	 Tall heath / low shruhland 
Tor 	 Rockland 	 Tall heath / low shrubland 1166 5 5 49 	
1 
9-Gentle slopediti.renti.d) Massive earths. variable depth 	 Low dry Wnh"th'm44icaiNgeath 40-Very gentle crest 	 Massive earths, shallow 	 Low dry open heath 
42_Gentle pediment (dry phase) 	 Massixe earths, deep 	 Low illy open heath /rnotatcmndtg.t 
38-Moderate scarp-foot slope r/ Massive earths. moderately deep 
	
Low dry open heath (steepe 
25 25 
••• 
51 
tra....reyi 61 	 7.0 - .1744 
	
II_ low rock scarp 	 Rockland 	 E. sieberi- E. guroinitera woodland al 
	
n 52_Rocky moderate 	 slope 	 Rockland and uniform sandy soils. 	 E. slebe 	 - E . 94.romi fora open forOrest/ 
	
between scarps 	 shallow 	 E. POPOrilA _ E. siobero open forest 
4 1 5 
68 	 13_High bouldery scarp 	 Rockland 	 E. lastegare - E. troxinordes opea,,,, 
TOTAL 20 3 
_ 	
5 11 53 3 95 
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Groups 1 and 4 are somewhat confused which appears to be related 
to the similarity in their ground site data. The main differences between 
them are that in group 1 slopes are gentler and rocky scarps are less 
important. 	 In addition, recent fires have apparently reduced the 
available litter. 	 Group 1 encompasses those land units which are 
typically cool, moist and sheltered (CLU's 75 and 76) and contains a 
larger proportion of CLU 46. Both these CLU's are quite separate in the 
study area, the former two occur below the main escarpment, on sheltered 
steep slopes, and the latter occurs on less protected gentler sloping 
surfaces above the escarpment. 	 Group 4 appears to be reasonably well 
described by CLU's 25 and 42. Both these CLU's support relatively large 
amounts of bouldery steep slopes and occur in well protected situations. 
Because of the lack of quantitative data in the land unit 
descriptions, of a kind appropriate for multivariate analysis, it was not 
possible to carry this analysis further. The following section describes 
an attempt to obtain such data. 
3. 	 Analysis of the Natural Pattern Map Data Set (NTP/300m2) 
The objective of the work described in this section is to derive 
a multivariate data set for natural patterns sufficient to enable 
multivariate comparison with variables measured and classified at sites on 
the ground (Section VI.a.ii.1). 	 In order to facilitate this the 300m2  
grid cell, which was shown to be the appropriate grid cell size for 
sampling the environments of Tianjara (Section VI.a.i.1), was adopted for 
sampling natural pattern map data. Thus the modified objective of this 
section is to ascertain if the natural pattern map data (NTP/300m2) are an 
appropriate scale for classifying environments on the ground. This is 
done by comparing the classification of map data read into the 95 x 300m2  
cells in the study area with a similar classification of the 12 general 
environmental attributes (Section VI.a.ii.1) collected at the centres of 
the same 95 cells (systematic representative samples) at sites on the 
ground. 
Once again it is emphasised that the objective here is one of 
comparing patterns between similar sites and cells and not one of 
comparing environmental details. 
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3.1 	 Correlation matrix 
Examination of the 21 x 21 correlation matrix reveal many 
variables to be positively correlated (r > 0.330 df = 94, P < 0.001). 
Table 34 lists the variables with the largest correlations. Many of the 
correlations are between topographic variables; these include: numbers 
of contours in the four quadrants of the cell, high and low elevations, 
cliffs and slopes over 100m and 250m. 
	 Vegetation formations although 
important show fewer highly significant correlations in comparison to the 
topographic variables. Significant correlations occur between vegetation 
formations and numbers of contours. Aspect variables are not present in 
this group of very high positive correlations. 
The most significant negative correlations are listed in Table 
35. Topographic variables remain significantly correlated, but aspect and 
vegetation formations are more significant than are the positively 
correlated variables. 
	 Very high negative correlations occur between: 
sheltered and intermediate aspects (r = -0.84), rainforest and low 
elevation (r = -0.72) and slope 250m and low elevation (r = -0.52). 
3.2 	 Principal components analysis 
The NTP/300m2 map data set was reduced to six dimensions as a 
result of imposing an arbitrary cut-off level to 75% on the variance 
explained. Only 6 of the possible 21 dimensions were required to explain 
75% of the variation in the data set. The first 3 vectors accounted for 
56.1%, with 32.1% by vector 1, 16.0% by vector 2 and 8% by vector 3 
respectively. 
3.3 	 Cluster analysis 
The reduced set of 6 coordinates from the PCA were clustered 
into 6 groups by imposing an a priori grouping of 6 groups onto the 
hierarchical cluster analysis, found earlier to adequately describe the 
types of environments classified by different grid sizes using PCA and 
non-hierarchical clustering (Section VI.a.i.1.3). Figure 39 presents the 
dendeogram with the membership of each NTP/300m2 map data group. Two 
large groups were formed, groups 1 and 3, with 32 and 29 cells 
respectively, two medium size groups, 2 and 5, with 10 and 17 cells 
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Table 34 Very high positive correlation values for pairs of variables in 
the NTP/300m2 map data set. 
Pairs of variables 	 r values 
1. High elevation and 
2. Slope 100m 	 SI 
3. Slope 250m 
4. West contour 
5. Cliff 	 SI 
6. Slope 100m 
7. Slope 250m 
8. Slope 100m 
9. Slope 100m 
10. Slope 100m 	 It 
11. Cliff 
12. Slope 250m 
13. Slope 250m 
14. Slope 100m 
15. Cliff 
16. Cliff 
17. Slope 250m 
18. North contour 
19. Low elevation 
20. Rainforest 
21. Open forest 
22. Dry heath 	 IV 
23. Slope 250m 
24. Rainforest  
low elevation 
slope 250m 
west contour 
north contour 
north contour 
north contour 
east contour 
east contour 
west contour 
west contour 
east contour 
south contour 
rainforest 
open forest 
slope 100m 
slope 250m 
open forest 
south contour 
dry heath 
north contour 
west contour 
high elevation 
north contour 
west contour 
0.96 
0.89 
0.79 
0.79 
0.79 
0.74 
0.71 
0.71 
0.68 
0.67 
0.67 
0.66 
0.66 
0.60 
0.59 
0.56 
0.55 
0.55 
0.55 
0.53 
0.53 
0.51 
0.51 
0.51 
Degrees of freedom = 94 
	 r = 0.33 at 0.001 level of significance. 
165 
Table 35 High to very high negative correlation values for pairs of 
variables in the NTP/300m2 map data set. 
Pairs of variables 	 r values 
1. Sheltered aspect 	 and intermediate aspect 
	 -0.84 
2. Rainforest 	 " low elevation 	 -0.72 
3. Slope 250m 	 " low elevation 
	 -0.52 
4. Sheltered aspect 
	 " low elevation 
	 -0.52 
5. Open forest 
	 wet heath 
	 -0.49 
6. Rainforest 	 " high elevation 
	 -0.47 
7. West contour 	 " low elevation 	 -0.46 
8. Dry heath 
	
„ 
streams 	 -0.42 
9. Rainforest 	 " intermediate aspect 	 -0.42 
10. Slope 250m 	 " intermediate aspect 
	 -0.42 
11. North contour 	 " low elevation 	 -0.40 
12. Slope 250m 
	
„ 
wet heath 	 -0.39 
13. Intermediate aspect " slope 100m 
	 -0.39 
14. Woodland 	 " low elevation 	 -0.39 
15. Wet heath 
	
„ 
sheltered aspect 	 -0.38 
16. Wet heath 	 .. slope 100m 
	 -0.37 
17. Sheltered aspect 	 " exposed aspect 	 -0.36 
18. Open forest 	 " dry heath 	 -0.36 
19. Intermediate aspect " west contour 
	 -0.36 
Degrees of freedom = 94 	 r = 0.33 at 0.001 level of significance. 
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High relief, steep slopes, on 
Cs/ 0 sheltered aspect, supporting 
1-1 rainforest and open forest 
below cliffs. Streams common. 
Low relief, gentle slopes, on 
exposed aspects supporting dry 
r-1 
1,€) and wet heaths. Rockland and 
open woodland minor elements. 
Low relief, gentle slopes, on 
intermediate and sheltered 
aspects supporting woodlands 
in association with streams. 
Low relief, gentle slopes, on 
14") 
,N1 sedgeland and open woodland, wet 
intermediate aspects supporting 
heath and dry heath. 
High relief, steep slopes, on 
intermediate aspects supporting 
.c) tsr) rockland and wet heath in 
association with open forest 
below cliffs. 
High relief, steep slopes, on 
intermediate aspects supporting 
.7r 	 open forest below cliffs. 
Figure 39 
	
Dendrogram illustrating the similarity between the six 
NTP/300m2 map data groups. 
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respectively, and two small groups, 4 and 6, with 4 and 3 cells 
respectively. 	 Examination of the dendrogram showed that the a priori  
grouping of sites into 6 groups sufficiently represented the structure 
displayed in the dendrogram. 
Groups 3 and 5 are most similar, adjoining these is group 1. 
Groups 4 and 6 are similar, but these form a disjunct group at a higher 
level. 	 Groups 1, 3 and 5 join with groups 4 and 6 higher up in the 
dendrogram indicating their dissimilarity. The last group to join these 
groups is group 2, thus indicating its dissimilarity from the other 5 
groups. 
3.4 
	
Plot of the first two components 
Cells plotted against the first two PCA axes reveal a reasonable 
separation between the groups (Figure 40). Smaller groups, groups 2, 4 
and 6, separated out clearly while the larger groups tended to overlap 
each other. Groups 3 and 5 were not well separated from group 1. 
3.5 	 Groups means: description and distribution 
Group means were calculated to indicate the relative importance 
of the different variables comprising each group. Deciles were calculated 
for the group means (Table 36) and variables were plotted as star symbols 
to assist in the rapid characterization and comparion of groups (see 
Figure 41). 	 Chernoff faces (Section IV.h) were also plotted as an 
additional technique for comparing groups (see Figure 40). 
A brief description of each group, presented in Figure 39, is 
derived from the plots of star symbols, in conjunction with Figure 43 
which illustrates the distribution of the different groups within the 
study area. 
These observations are supported by Chernoff faces which enable 
the rapid assessment of similarities between groups comprising complex 
multivariate data. This technique illustrates (Figure 40) that groups 1 
and 3 are most similar, with 6 being next most similar to these groups. 
Groups 4 and 5 are only marginally similar, and show little similarity to 
groups 1, 3 and 6. Groups 2 is the most dissimilar of all the groups. 
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Figure 40 
	
Plot of the first two components of a PCA illustrating the 
clustering of natural pattern (NTP/300m2) map data cells. 
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Table 	 36 Variables comprising 
	 the 	 six 	 NTP/300m2 	 map 	 data 	 groups. 
values (deciles) describe the relative weight of each 
comprising the total group means. 
Numerical 
variable 
Variates Variate Groups 
codes* 1 2 3 4 5 6 
High elevation high 7 4 0 8 2 9 
Low elevation low 9 0 8 7 5 9 
North contour cn 0 6 0 9 0 0 
South contour cs 3 9 0 7 0 8 
East contour ce 0 5 0 9 0 8 
West contour cw 1 6 0 9 1 0 
100m slope s% 2 7 0 9 1 8 
Streams streams 2 5 6 1 9 0 
Exposed aspect al 9 0 1 0 0 0 
Intermediate aspect a2 4 0 9 6 5 7 
Sheltered aspect a3 3 9 0 3 4 2 
Rockland r 3 0 0 1 0 9 
Dry heath dH 9 0 5 0 0 2 
Wet heath w 6 0 7 0 1 9 
Sedgeland s 3 0 9 0 0 0 
Open woodland OW 2 0 9 0 0 0 
Woodland WD 0 1 0 0 9 0 
Open forest OF 0 3 0 9 2 2 
Rainforest rr 0 9 0 0 0 0 
250m slope slope 1 8 0 9 0 4 
Cliff cliff 0 7 0 7 0 9 
* used for plotting star symbols and Chernoff faces. 
HIGH 
CLIFF 
SLOPE 
170 
Al %S CS 
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A3 
R 
STREAMS CS 
%S 
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OW 
1. 
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A3 
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2. 	 OF 
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Figure 41 	 Star symbols illustrating the main variables comprising 
group means for the 6 NTP/300m2 map data groups. Variable 
codes are listed in Table 34. 
GROUP 3 
GROUP 1 
GROUP 2 
GROUP 4 
GROUP 5 
GROUP 6 
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Figure 42 Chernoff faces illustrating the similarity between group 
means for the 6 NTP/300m2 map data groups. 
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Groups 1, 3 and 6 represent gently sloping terrain on exposed 
and intermediate aspects, supporting low, structurally simpler vegetation 
formations (heathlands and 
woodland and open forest 
intermediate to sheltered 
represents rainforest and 
sheltered aspects, dissected 
open woodland). 	 Groups 4 and 
habitats on gentle to steep 
aspects, dissected by streams. 
open forest habitats on steep 
by cliffs and streams. 
5 represent 
slopes, on 
Group 2 
slopes with 
4 
	
Comparisons of Classifications of the NTP/300m2 Map Data and 
Ground Site Data 
4.1 	 Cross tabulation of classification groups 
Groups derived from the hierarchical classifications of the 
NTP/300m2 map data and ground site data sets were cross tabulated against 
each other to examine the association between them. The 6 x 6 matrix of 
both sets of environmental groups is presented in Table 37. It reveals 
that particular map data groups are highly associated with one or two 
ground site groups, while other map data groups are described by several 
ground site groups. The relationship between the two sets of groups is 
significant (d.f. = 25, deviance 97.35, p < 0.005). 
The results of the NTP/300m2 cross tabulation indicate a strong 
association between the map data and ground site groups. The map data 
show that 77 of the 95 cells occur in 4 large map groups (Ml, M2, M3 and 
M5). Similarly, the ground sites occur in 3 large ground groups (G1, G4 
and G5). The relationships between these and the minor groups are shown 
in Table 38. 
Group MI (mainly dry and wet heaths) is almost completely 
matched by G5 (25/32), as well G5 overlaps M3 (23/29) (mainly sedgelands 
and open woodlands with minor wet and dry heaths). Groups Ml and M3 can 
be accepted as measuring essentially the same features on ground, that is 
structurally simple environments. 
	 It is likely that these two groups 
would be separated when additional vegetation data is added into the 
ground site groups. 
Group M2 (protected forest; 	 rainforest and open forest) is 
matched completely by two ground site groups GI and G2 (10/10). 
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GROUND 	 SITE 	 GROUPS 
1 	 2 	 3 	 4 	 5 	 6 
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TO
TA
L
S 
MAP DATA GROUPS 
1  
2 
3  
4 
5 
6 
Low relief, gentle slopes, on 
exposed aspects supporting dry 
and wet heaths. 	 Rockland and 
open woodland minor elements. 
4 0 0 0 25 3 32 
High relief, steep slopes, on 
sheltered aspect, supporting 
rainforest and open forest below 
cliffs. 	 Streams are common. 
5 0 0 5 0 0 10 
Low relief, gentle slopes, on 
intermediate aspects, supporting 
sedgeland and open woodland, with 
heath and dry heath, streams. 
3 2 1 0 23 0 29 
High relief, steep slopes on 
intermediate aspects, supporting 
open forest below cliffs. 
0 0 0 4 0 0 4 
Low relief and gentle slopes on 
intermediate and sheltered 
aspects supporting woodlands and 
open forest in association with 
streams. 
8 1 4 2 2 0 17 
High relief, steep slopes on 
intermediate aspects, supporting 
rockland and wet heath in 
association with open forest 
below cliffs. 
0 0 0 0 3 0 3 
TOTALS 20 3 5 11 53 3 95 
Table 37 Cross tabulation of the natural pattern map data groups CNTP/300m2) against ground site data 
groups. 
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Table 38: Cross tabulation of major and minor natural pattern ground site 
groups and map data (NTP/300m2) groups 
a) Number of Cells in Major Groups 
Group G1* G4 G5 Totals Minor Groups 
Present 
M1* 4 0 25 29/32 G6 
M2 5 5 0 10/10 - 
M3 3 0 23 26/29 G2, G3 
M5 8 2 2 12/17 G2, G3 
77/88 
Totals 50/53 20/20 7/11 57/84 
Minor Groups 
Present M6 M4 
b) 	 Number of Cells in Minor Groups 
Group G2 G3 G6 Totals 
M4 0 0 0 0/4 
M6 0 0 0 0/3 
0/7 
Totals 0/3 0/5 0/3 0/11 
N.B.: 	 Gn* Ground site group number 
Mn* Map data group number 
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Group M5 (woodlands and open forest) is matched by mainly ground 
site groups 01 and to a lesser extent by G3 (12/17). 
In the minor groupings map groups M4 and M6 do not correspond 
with any minor site groups. 	 Rather they occur as components of major 
ground site groups G4 and G5 respectively. 
The matrix (Table 37) shows that there are some strong matches 
between the major groups of the two classifications, but that there are 
numerous mismatches among minor groups. 
Such matches appear to be related to differences in scales of 
mapping. Broadly, the ground site groups describe patches of habitat at a 
finer or larger scale than the map data groups. For example, the presence 
of rocky habitat was measured on the ground, but none was measured in the 
particular map data groups. This appears to suggest the difference is due 
to the relatively small scale resolution of the map data sources. The 
inverse also occurred, where extensive rocky habitat was predicted by map 
data group, but on the ground none was measured. In this case the ground 
site undersampled the 300m2 map grids because they sampled only 10% of the 
300m2 cells. Another discrepancy in the ground groups was that streams 
were not equitably sampled. Streams were not measured if they held no 
surface water, leading to the omission of streams in 'wooded' and 
'forested' habitats with dry stream beds and in wet heath and sedgeland 
with damp, peaty drainage depressions. 
4.2 	 Comparison between map and ground site data using Procrustes 
rotation 
In order to explore the nature of these relations a Procrustes 
rotation analysis (Section IV.d) was carried out on the first 8 PCA 
vectors of both the map data (NTP/300m2) and the ground data sets. 
Procrustes rotation attempts to measure the overall 'best fit' of the set 
of vectors to each other in terms of the sites and the distributions of 
variables within them. Mismatches between data sets may then be examined 
and described in terms of the original variables describing the sites and 
cells. 
Results of a PCA on both data sets (centroid configuration) 
showed that the first two of the six vectors accounted for approximately 
58% of the variability between them. This compared with approximately 
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51% and 56% for the same vectors in separate PCA's of the map data and 
ground site data sets respectively. This result suggests that the same 
amount of variation is present in all three groups. 
Examination of the map data and ground site configurations, in 
relation to the centroid configuration, showed quite a large disagreement 
between them. This was examined by comparing the residual against the 
total variation accounted for. 
	 A 40% difference was revealed in the 
positioning of the two configurations, which is unacceptable and suggests 
that the two data sets measured different things at particular sites. To 
resolve this apparent disagreement, sites with large residual values and 
large ratios (residual/total variation x 100) were tabulated and examined 
in terms of the original data measured at those sites. Table 39 presents 
a list of 27 sites with high residual values. All sites (95), as well as 
those ear-marked as having high residual values, were plotted against the 
first two coordinates from the PCA analysis, for each configuration. 
Examination of these plots for the two configurations, the map 
site data, showed marked differences in 
At first the difference appeared to be simply 
data and the ground 
arrangement of sites. 
the 
one 
them, of reflection but, when selected sites were compared between 	 the 
disagreement was shown to be the result of a relatively large number of 
sites which varied consistently between the two configurations. 
In order to discover whether such sites (i.e. those with high 
residual values) formed any consistent patterns, they were plotted against 
the first two PCA axes. Seven clusters of sites were recognised in Figure 
44 on the basis of discrete or tight clusters of sites. Their 
geographical relationships are shown in Figure 45 and represent mismatches 
between map data and ground data classification sets listed in Table 40. 
A brief description of the sites comprising the 7 clusters is 
presented in Table 41 using data from the original variables. Each 
cluster represents a mismatch between the map data and ground site 
classifications. 
	 Clusters 1, 2, 4 a nd 5 sample different facets of 
forested environment, clusters 6 and 7 sample heathland sites, and members 
of 	 cluster 3 sample a complex of n arrow heathland and open forest 
environments. 
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Table 39  Sites which exhibit high residual scores derived from a 
Procrustes rotation analysis of the NTP/300m2 map data and 
ground site data sets. 
Site 	 Residual Total Variation 	 Centroid* 
x 100 	 Configuration Group 
1. 3 	 0.016 55 4 
2. 6 	 0.008 67 5 
3. 8 	 0.008 53 6 
4. 9 	 0.008 73 6 
5. 13 	 0.022 56 4 
6. 19 	 0.020 67 4 
7. 20 	 0.023 55 7 
8. 26 	 0.023 53 5 
9. 28 	 0.022 58 7 
10. 29 	 0.010 67 6 
11. 30 	 0.011 73 6 
12. 39 	 0.022 56 3 
13. 41 	 0.023 74 3 
14. 44 	 0.011 69 5 
15. 52 	 0.009 56 4 
16. 57 	 0.020 51 5 
17. 59 	 0.018 49 5 
18. 61 	 0.006 67 6 
19. 65 	 0.019 51 5 
20. 73 	 0.011 61 5 
21. 74 	 0.011 69 6 
22. 76 	 0.026 81 3 
23. 81 	 0.020 33 1 
24. 83 	 0.019 33 2 
25. 87 	 0.020 51 3 
26. 90 	 0.018 42 3 
27. 91 	 0.022 35 2 
* Centroid 	 cluster 	 refers 	 to 	 sites 	 which 	 share 	 similar 	 variable 
mismatches between the map data and ground site (see Table 41). 
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Figure 44 	 Plot of the first two coordinates for the natural pattern 
(map data (NTP/300m2) and ground site data) natural pattern 
centroid configuration, illustrating clusters of the most 
different sites. 
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Figure 45 Plot of the position of the most different sites between the natural pattern (NTP/300m2) 
map data groups and the ground site data groups. 
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Table 40: Relationship between the 27 most different ground sites and map 
data cells for the natural pattern classification groups. 
Twenty seven 
most different 
sites 
Map data 
cell numbers 
(Figure 38) 
(Figure 43) 
Map 
classification 
group 
Ground site 
classification 
group 
Mismatch 
group 
number 
1 3 2 4 4 
2 6 2 1 5 
3 8 1 5 6 
4 9 1 5 6 
5 13 2 4 4 
6 19 2 4 4 
7 20 1 5 7 
8 26 5 3 5 
9 28 1 5 7 
10 29 1 5 6 
11 30 3 5 6 
12 39 3 5 3 
13 41 3 5 3 
14 44 5 1 5 
15 52 5 4 4 
16 57 5 3 5 
17 59 5 3 5 
18 61 1 5 6 
19 65 5 3 5 
20 73 3 1 5 
21 74 3 5 6 
22 76 1 6 3 
23 81 4 4 1 
24 83 3 2 2 
25 87 1 1 3 
26 90 1 6 3 
27 91 4 4 2 
Nil to minimal extents 
of rocky habitat 
Open woodland the 
dominant vegetation 
Moderate to 
extensive rocky 
habitat 
Highly exposed 
habitat 
Nil records of 
'tree cover' indices 
e.g. no litter, logs 
or stags 
Small scale resolution of 
map stratification data 
source 
Small scale resolution of 
map stratification data 
source 
Undersampling of the map 
stratification variable 
3 	 39, 76, 87 
	
Narrow patches of 
90 	 wooded and forested 
41 	 As for above sites 
39, 41, 87 	 As for above sites 	 Intermediate and 
sheltered habitat 
Table 41 List of cluster groups and environmental descriptions for he 27 most different cells the natural 
	
 pattern ground site and natural pattern map data (NTP/300m ) sets. Cells are grouped into seven 
groups delineated in Figure 44 and are described in terms of original variables. 
CENTROID 
	 COMPONENT 	 GENERAL DESCRIPTION 	 VARIABLE PREDICTED BY 	 VARIABLE MEASURED 	 REASON FOR 
GROUP 
	
SITE 	 OF HABITAT 	 THE MAP STRATIFICATION 	 BY GROUND TRUTH 	 APPARENT MISMATCH 
1 
	
81 	 Open forest on steep 	 Large amounts of rocky 
	 Minor extents of 
	
Ground truth undersampling 
slopes, sheltered 
	
habitat 	 rocky habitat 	 map stratification 
2 83 	 Open forest on steep 
slopes, sheltered 
91 	 Open forest on steep 
slopes, sheltered 
Minor extents of rocky 
habitat 
Large extents of rocky 
habitat 
Large amounts of 
rocky habitat 
Minor extents of 
rocky habitat 
Small scale resolution of 
map stratification data 
source 
Ground truth undersampling 
the map stratification 
4 	 13, 19, 52 
	
Open forest on 	 Stream 	 Nil recorded 
	
Undersampling or 
sheltered, short 	 overlooked at the site 
steep slopes 
Table 41 (Cont'd)  
CENTROID 
	
COMPONENT 
	 GENERAL DESCRIPTION 
	
VARIABLE PREDICTED BY 
	
VARIABLE MEASURED 
	
REASON FOR 
GROUP 
	
SITE 	 OF HABITAT 
	
THE MAP STRATIFICATION 
	
BY GROUND TRUTH 
	
APPARENT MISMATCH 
4 
	
13, 52 	 As for above sites 	 Nil rocky habitat 	 Extensive rocky 	 Small scale resolution 
habitat 	 of map stratification 
data source 
3 
	
As for above sites 	 Equally dominant 	 Very large amounts 
vegetation formations: 	 of litter recorded 
dry heath and open 
forest 
5 6, 	 44, Open forest habitat on Streams Nil recorded 
57, 	 73 gentle slopes, 
intermediate aspect 
6, 	 44, As for above sites Nil rocky habitat Extensive rocky 
59, 	 65 habitat 
57, 	 59 As for above sites Open woodland, 
woodland and open 
forest the dominent 
formations 
Very large amounts 
of stags measured 
65, 	 73 As for above sites As for sites 57 & 59 Very large numbers 
of logs 
29, 
	 65 As for above sites Intermediate and 
sheltered aspects 
Sheltered 	 ituation 
with a 3600  aspect 
Undersampling by the 
ground truth of the 
heathland variable in the 
map stratification 
Undersampling on the 
ground or overlooked by 
the observer 
Small scale resolution of 
map stratification data 
source 
Small scale resolution of 
map stratification data 
source 
Small scale resolution of 
map stratification data 
source 
Anomaly due to unusual 
combination of sheltered 
situation and 3600
, 
	 aspect. 
Normally 360 aspect is 
associated with an exposed 
situation 
Table 41 (Cont'd)  
CENTROID 
	
COMPONENT 	 GENERAL DESCRIPTION 
	
VARIABLE PREDICTED BY 	 VARIABLE MEASURED 
	
REASON FOR 
GROUP 
	
SITE 	 OF HABITAT 
	
THE MAP STRATIFICATION 
	 BY GROUND TRUTH 
	
APPARENT MISMATCH 
6 
	
8, 9, 29, 	 Low structurally 	 Intermediate with 	 Highly exposed 	 Small scale resolution of 
	
30, 74 	 simple vegetation 	 sheltered aspect 	 aspect 	 the map stratification 
formations on gentle 	 data source 
slopes 
61 	 As for above sites 	 Exposed aspect 	 Sheltered aspect 	 Small scale resolution of 
the map stratification 
data source 
	
29, 30 	 As for above sites 	 Streams 	 Nil recorded 
	
Overlooked by the 
observer in the field 
7 
	
20, 28 
	
Low, structurally 	 Sheltered with 
	
Highly exposed 
	
Small scale resolution 
simple vegetation 	 intermediate 	 aspect 	 of map stratification 
formations on gentle 	 data source 
slopes 
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Mismatches between the map data and the ground site data can be 
attributed to the failure of the latter to measure either the existence 
of, or equivalent magnitude of, similar combinations of variables 
classified by the former. 	 Mismatches recognised in Table 41 may be 
summarized into three categories: 
i) 	 Ground site coding difference. 
This occurred when a variable occurred at the 
site but was not measured. For example, streams 
incurred two sampling differences: 
a. dry stream beds were not recorded as 
intermittent streams (e.g. sites 13 and 52), 
and 
b. streams were not recorded at sites situated 
in damp drainage depressions without surface 
water (e.g. sites 28, 29 and 30). 
ii) 	 Undersampling on ground. 
This occurred because the ground site sampled 
only 10% of the map cell area. Obviously, not 
all the variation measured in the map cell could 
be sampled by one ground site (e.g. sites 41, 61, 
81 and 91). 
iii) 	 Small scale resolution of the map data. 
This arose when the presence of a particular 
variable was measured in greater proportions on 
the ground than was measured as map data. In 
other words, the variable was not depicted on the 
topographic map or aerial photographs (e.g. sites 
3, 6, 29, 44 and 65). 
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The results of this section show a reasonably good relationship 
between the natural pattern ground data and complex land units, and 
natural pattern ground data and natural pattern map data (NTP/300m2). The 
60% agreement between the map data (NTP/300m2) and ground data show that 
the scale of a 300m2 grid cell, as determined from analysis of systematic 
grid cell map data, is an appropriate scale for measuring environmental 
pattern in Tianjara. 	 It is likely that if the ground sites, situated 
mostly 100m apart, were further apart (minimum 300m) the agreement between 
the data sets would be even higher. As it happened, extensive overlap 
between the map cells has probably oversampled the map data relative to 
the ground data. 
In addition it is highly likely that inclusion of more 
quantitative vegetation data in the ground site data would enhance the 
agreement between the two map classifications and the ground data set. 
The appropriate vegetation data were collected, and as time permits these 
will be analysed together with the 12 other general environmental 
variables. 
b) 
	
Avifaunal Assembleges 
i) 	 Avifaunal Assembleges in General 
This section presents the general pattern in numbers of species 
and numbers of individuals observed in the study area. Bird data for 
numbers of species and numbers of individuals includes birds heard and 
seen, as well as birds resident and flying through the site during a ten 
minute sampling or census period. 	 Results also show how numbers of 
species and individuals are apportioned between the two environmental 
sampling bases, the systematic grids and natural patterns respectively. 
1. 	 Numbers of bird species observed in the study area 
Table 42 presents a list of the bird species recorded at sites 
in the systematic grids and natural pattern sampling bases. Examination 
of the table shows that 64 species were recorded in the period 4th 
September to 10th October, 1982. Fifty five species were recorded in the 
natural patterns and 53 in the systematic grids respectively. Eleven 
species were recorded only in natural patterns (including birds mainly of 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
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Table 42 List of the 64 bird species recorded in the study area, 53 species in systematic grids and 55 
species in natural patterns and 44 species common to both sampling bases 
Raou Common Bird Names 
	 Natural 	 < 50* > 50* Grids 	 <50 	 >50 	 Both Natural Grids 
Atlas 	 Patterns Only Only 
	 Only Only Data Pattern Only 
No. 	 Sets 
	 Only 
035 	 Brush Bronzewing 	
- 	 x 	 - 	 x 
218 	 Spotted Harrier 	 x 	 - 	 x 	 - 	 x 	 x 
220 	 Grey Goshawk 	 x 	 - 	 x 	 - 	 - 	 - 	 - 
224 	 Wedge-tailed Eagle 
	 x 	 - 	 x 	 - 	 - 	 - 	 - 
239 	 Brown Falcon 
	
- 	 - 	 - 	 x 	 x 	 - 	 - 
240 	 Nankeen Kestrel 
	 x 	 - 	 - 	 x 	 - 	 - 	 x 
268 	 Gang Gang Cockatoo 
	 x 	 - 	 x 	 x 	 - 	 - 	 x 
281 
	 King Parrot 
	 x 	 - 	 x 	 - 	 - 	 - 	 - 
282 	 Crimson Rosella 
	 x 	 - 	 - 	 x 	 - 	 - 	 x 
311 	 Swamp Parrot 	 x 	 x 	 - 	 - 	 - 	 - 	 - 
322 	 Kookaburra 	 x 	 - 	 x 	 - 	 - 	 - 	 - 
338 	 Fan-tailed Cuckoo 
	 x 	 - 	 - 	 x 	 - 	 - 	 x 
342 	 Rufous-tailed Bronze-cuckoo 
	 - 	 - 	 - 	 x 	 - 	 - 	 - 
344 	 Shining Bronze-cuckoo 
	 x 	 - 	 x 	 x 	 - 	 x 	 x 
350 	 Superb Lyrebird 	 x 	 - 	 x 	 x 	 - 	 - 	 x 
357 	 Welcome Swallow 
	 x 	 - 	 - 	 x 	 - 	 - 	 x 
359 	 Tree Martin 	 x 	 - 	 - 	 x 	 - 	 - 	 x 
361 	 Grey Fantail 	 x 	 - 	 - 	 x 	 - 	 - 	 x 
364 	 Willie Wagtail 
	 x 	 x 	 - 	 x 	 - 	 - 
365 	 Leaden Flycatcher 	
- 	 x 	 - 	 - 	 - 
380 	 Scarlet Robin 	 x 	 - 	 - 	 x 	 - 	 - 	 x 
382 	 Flame Robin 	 x 	 x 	 - 	 x 	 - 	 - 	 x 
384 	 Rose Robin 	 x 	 - 	 - 	 x 	 - 	 - 	 x 
392 	 Eastern Yellow Robin 
	 x 	 - 	 x 	 - 	 - 	 x 
398 	 Golden Whistler 
	 x 	 - 	 - 	 x 	 - 	 - 	 x 
401 	 Rufous Whistler 	
- 	 - 	 x 	 - 	 - 	 - 
405 	 Olive Whistler 
	 x 	 x 	 - 	 - 	 - 	 - 	 - 
408 	 Grey Shrikethrush 	 x 	 - 	 x 	 - 	 - 	 x 
421 	 Eastern Whipbird 	 x 	 - 	 - 	 x 	 - 	 - 	 x 
424 	 Black-faced Cuckoo-shrike 
	 x 	 - 	 - 	 x 	 - 	 - 	 x 
454 	 Brown Warbler 
	 x 	 - 	 - 	 - 	 - 	 - 
470 	 Striated Thornbill 	 x 	 - 	 x 	 - 	 - 	 x 
475 	 Brown Thornbill 
	 x 	 - 	 - 	 x 	 - 	 - 	 x 
484 	 Buff-rumped Thornbill 
	 x 	 - 	 - 	 x 	 - 	 - 	 x 
488 
	 White-browed Scrubwren 
	 x 	 x 	 - 	 x 	 - 	 - 	 x 
498 
	 Chestnut-rumped Hylacola 
	 x 	 - 	 x 	 - 	 - 	 - 	 - 
500 	 Fieldwren 	 x 	 - 	 - 	 x 	 - 	 - 	 x 
505 	 Rock Warbler 	 x 	 x 	 x 	 x 	 - 	 x 
506 	 Pilotbird 	 x 	 - 	 - 	 x 	 - 	 - 	 x 
508 	 Brown Songlark 	
- 	 - 	 - 	 x 	 - 	 x 	 - 
526 	 Southern Emuwren 
	 x 	 - 	 - 	 x 	 - 	 - 	 x 
529 	 Superb Blue Wren 
	 x 	 - 	 - 	 x 	 - 	 - 	 x 
536 	 Variegated Wren 	
- 	 - 	 - 	 x 	 - 	 - 	 - 
547 	 Dusky Woodswallow 	
- 	 - 	 x 	 - 	 - 	 - 
558 	 White-throated Treecreeper 
	 x 	 - 	 x 	 - 	 - 	 x 
564 	 Mistletoebird 	 x 	 - 	 - 	 - 	 - 	 - 	 - 
565 
	 Spotted Pardalote 
	 x 	 - 	 x 	 - 	 - 	 x 
574 	 Silvereye 	 x 	 - 	 x 	 - 	 - 	 x 
578 	 White-naped Honeyeater 
	 x 	 - 	 x 	 - 	 - 	 x 
591 	 Eastern Spinebill 	 x 	 - 	 x 	 - 	 - 	 x 
593 	 Tawny-crowned Honeyeater 
	 x 	 - 	 x 	 - 	 - 	 x 
605 	 Lewin's Honeyeater 	 x 	 x 	 - 	 - 	 - 	 - 
614 	 Yellow-faced Honeyeater 
	 x 	 - 	 x 	 - 	 - 	 x 
617 	 White-eared Honeyeater 	 x 	 - 	 x 	 - 	 - 	 x 
630 	 Crescent Honeyeater 	 x 	 - 	 - 	 - 	 - 	 - 
631 	 New Holland Honeyeater 	 x 	 - 	 x 	 - 	 - 	 x 
638 	 Red Wattlebird 	 x 	 x 	 - 	 - 	 x 
645 	 Noisy Friarbird 	 x 	 - 	 x 	 - 
647 	 Richards Pipit 
	 x 	 x 	 - 	 - 	 x 
671 	 Olive-backed Oriole 
	 x• 	 x 	 x 	 x 	 - 	 x 
694 	 Pied Currawong 	 x 	 - 	 x 	 - 	 - 	 x 
697 	 Grey Currawong 	 x 	 x 	 - 	 - 	 x 
705 	 Australian Magpie 	 x 	 x 	 - 	 - 	 x 
976 	 Striated Pardalote 	 x 	 x 	 - 	 - 	 x 
64 Species Totals 	 55 	 7 	 9 	 53 	 3 	 5 	 44 	 11 	 9 
   
Adjusted Totals 	 46 	 48 	 48 	 50 
* < 50m the inner band 
> 50m the outer band 
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cool moist forests) eg. King parrot, olive whistler, brown warbler and 
Lewins' honeyeater, and nine species were recorded only in systematic 
grids, mainly migrants arriving later in the season eg. rufous-tailed 
bronze-cuckoo, leaden flycatcher, rufous whistler and the brown songlark. 
Bird data for both sampling bases were recorded in the two 
census bands; the inner band was less than 50m radius and the outer band 
between 50m and 150m radius from the observer. Data for both sampling 
bases show that marginally more species were observed in the outer than in 
the inner band. 
In the samples from natural patterns, 48 and 46 species were 
recorded in the outer and inner bands respectively, and 39 species were 
common to both. Seven species were restricted to the inner band (eg. grey 
goshawk, flame robin, olive whistler, rock warbler and white-browed 
scrubwren). These species in Tianjara tend to be observed in cooler, tall 
open forests. Nine species were restricted to the outer band (eg. wedge-
tailed eagle, gang gang cockatoo, Lewins' honeyeater, superb lyrebird and 
laughing kookaburra). These species generally comprise relatively large 
birds, most of which have loud contact calls which carry over long 
distances. 
The samples from systematic grids recorded 50 and 48 species in 
the inner and outer bands respectively, and 45 species were common to both 
bands. Three species were restricted to the inner band, (brown falcon, 
rock warbler and olive-backed oriole) probably as chance encounters with 
relatively rare species. Five species were confined to the outer band, 
including the brush bronze-wing pigeon, spotted harrier, shining-bronze 
cuckoo, brown songlark and the noisy friarbird. 
The results for natural patterns and systematic grids indicate 
there is no obvious difference between the numbers of species recorded in 
both sampling bases, which probably suggests the respective sample bases 
represented similar environments. A minor difference between them is that 
slightly more species were recorded in natural patterns than systematic 
grids; however, this difference does not appear to be significant. 
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2. 	 Numbers of individual birds observed in the study area 
Bird data of numbers of individuals showed that more individuals 
were recorded in systematic grids than in natural patterns, 1766 and 1363 
respectively. More individuals were recorded in the inner band than in 
the outer band in both sampling bases. In systematic grids 1120 and 646 
individuals respectively were recorded and in natural patterns 833 and 530 
individuals were recorded. For both sampling bases approximately 25% more 
individuals were recorded in the inner than in the outer bands. 
The large number of individuals recorded in systematic grids is 
apparently related to an increase of several species of migratory 
honeyeaters into the area, arriving in larger numbers after the sampling 
of natural patterns had been completed. 
	 The four main species, the 
yellow-faced honeyeater, the white-naped honeyeater, the red-wattle bird 
and the silver eye, maintain resident populations throughout the year but 
during early spring large flocks move through the area on route to the 
highland heaths and forests for spring and summer, returning again through 
the area in early autumn to the coastal ranges and lowlands for winter. 
Data for numbers of individuals per species were partitioned 
into matrices of species frequency and relative abundance in both the 
inner and outer bands for the two sampling bases (Table 43). Analysis of 
the data in Table 43 (a and b) using a three-way contingency table 
analysis (using as classes the two sampling bases, the relative abundance 
of each species between the two census bands and the relative frequency of 
each species) showed only two significant differences. 	 A significant 
difference (P < 0.05) was found between numbers of individuals observed in 
the two census bands, as has been described. A significant difference 
(P < 0.05) was observed between the relative abundance of species in the 
two census bands and the five frequency classes. That is, fewer than 
expected occurrences of species were observed in some frequency classes 
and census bands. 
Rare species, those with five or less individuals are more 
commonly sampled in natural patterns than in systematic grids. 
	 Rare 
species include several birds of prey; brown falcon (239), wedge-tailed 
eagle (224) and grey goshawk (220), all of which require large home ranges 
and are thus rarely observed. Other rare species include swamp parrot 
Table 43: Relative abundance of bird species frequency classes in the inner and outer bands. (a and b) 
a. 	 Natural Patterns 
Numbers of individuals Rare (<5) Frequent (6-10) Common (11-20) Very Common (21-40) Abundant (>41) Total number 
of species 
Greater in the inner 
band 
220*, 
405, 
311, 	 364, 
488, 505 
382, 454, 484, 630 392, 529, 631 361, 
565, 
470, 475, 526, 
578, 	 591 
574, 614, 	 638 23 
Greater in the outer 
band 
224, 
344, 
268, 	 281, 
350, 	 424, 
322, 
605, 
240, 
421, 
338, 398, 
697 
282, 
976 
408, 506, 617 558 21 
671, 498 
No difference between 
inner and outer 
218, 564, 647 384, 694 359, 380, 705 357, 500, 	 593 11 
Total number of species 20 8 9 11 7 55 
b. 	 Systematic Grid 
Greater in the inner 
band 
239, 
671 
382, 	 505, 536, 392, 
547 
484, 488, 282, 
647 
470, 	 526, 	 591, 475, 
614, 
574, 578, 
638 
19 
Greaterin the outer 
band 
035, 
508, 
218, 	 268, 
645 
344, 350, 
976 
398, 	 421, 308, 
631, 
408, 
694 
506, 240, 338, 	 617 357, 558, 705 21 
No difference between 
inner and outer 
364, 365, 384 342 424, 697 359, 
565 
401, 	 429, 361, 500, 593 13 
Total number of species 14 9 7 12 11 53 
* Numbers refer to RAOU Atlas Numbers, see Table 42 for common species names. 
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(311), white-browed scrubwren (488) and flame robin (382) each of which 
have either cryptic coloration and behaviour which make observations of 
them only chance encounters, added to which they appear to occupy highly 
localised distributions in the study area. 
Frequent and common species, those with 6-10 and 11-20 
individuals respectively, include birds of woodland and forest, such as 
the eastern yellow robin, buff-rumped thornbill, grey shrikethrush, pilot 
bird and golden whistler. 
Very common species with 21-40 individuals comprise sedentary 
birds from a wide array of habitats including sedgelands, heathlands and 
forests. 	 Characteristic species include the southern emu-wren, tree 
martin, eastern spinebill, spotted pardalote and striated thornbill. 
Abundant species, those with greater than 40 individuals, are 
conspicuous either because of their flocking behaviour (eg. silver eye, 
yellow-faced honeyeater, red-wattle bird, welcome swallow) or because of 
their often loud, repetitive and distinctive calls (eg. tawny-crowned 
honeyeater, field wren and white-throated treecreeper). 
These results exhibit a similar pattern to that observed with 
the numbers of species, in that there appears to be no obvious difference 
between the two sampling bases in terms of the numbers of birds observed 
in the three distance measures and the five frequency classes. Based on 
these results, the bird data as presented have been adapted for further 
analyses which investigate more detailed relationships between species and 
sites in the various environmental groups within the two sampling bases. 
ii) 	 Relationship Between Bird Species and Environmental Groups 
1. 	 Correspondence and biplot analyses 
Both these analyses operate on the matrix of site by species 
data, by summarizing the relationships in the data matrices into a two-way 
graphical presentation of sites by species. Correspondence analysis does 
not seek to explain causal relationships between species and sites but 
rather it indicates a response or association between groups of sites and 
species. Biplot analysis, on the other hand, does seek to explain the 
causal relationship between species and sites. Both these analytical 
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techniques are employed to investigate pattern in the data, they are not 
used as statistical analyses or - measures for testing differences in the 
significance of the data. 
1.1 	 The Choice of Species Counts or Presence/Absence Data for Biplot 
and Correspondence Analyses 
This section presents the results of a preliminary analysis 
undertaken to investigate first the structure of the bird data in relation 
to sites and then whether or not species count data or presence/absence 
data could be utilised as input into correspondence and biplot analyses. 
This section also presents some factors which have contributed to the 
nature of the bird data sets for the respective sampling bases. 
Examination of the structure of the bird species counts in 
relation to sites involved taking a series of different cut-off levels 
(varying numbers of individuals per species), against which, numbers of 
individuals per species were analysed. 
	 At each level the amount of 
information remaining was plotted and examined. 
	 The results of this 
analysis revealed an obvious difference between sites containing only one 
individual per species and sites containing multiple species and multiples 
of individuals per species. This difference is examined further below and 
some reasons for it are presented in relation to the problem of using 
either species count data or presence/absence data. 
1.1.1 	 Differences between numbers of species recorded in the sampling 
bases 
An examination of the numbers of species counted in systematic 
grids and natural patterns is shown in Table 44. The table illustrates 
that similar proportions of species occur in the respective sampling 
bases. 	 Fewer species are recorded in the inner bands of the sampling 
bases (33% in systematic grids and 41% in natural patterns) than in the 
outer bands (50% and 52% respectively). This pattern suggests that 
detection and counting of rare species (ie. those recorded at only one 
site), was more successful farther from the observer than close-up. Bird 
species comprising this category have already been described above as rare 
species (Table 43) and include birds of prey, and other species which for 
one reason or another are encountered in very low numbers. 
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Table 44 Relationship between numbers of bird species and sites in the 
two census bands for systematic grids and natural patterns 
Inner census band 
	
Outer census band 
(<50m) 
Systematic 
Grids 
Natural 
Patterns 
(50m-150m) 
Systematic 
Grids 
Natural 
Patterns 
16 (33%) 19 (41%) 25 (50%) 25 (52%) 
32 (67%) 27 (59%) 25 (50%) 23 (48%) 
48 46 50 48 
Species 
Number of species 
recorded at one 
site only 
Number of species 
recorded at more 
than one site 
Total number of 
species 
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Species which are recorded at more than one site show 
interesting patterns of occurrences. 	 More species are recorded in the 
inner bands for systematic grids and natural patterns (67% and 50% 
respectively) than were observed in the outer bands (50% and 48% 
respectively). This difference in occurrences of species suggests that 
most species are detected close to the observer than farther away, a 
feature of the data sets already described above. 
1.1.2 	 Differences between numbers of sites recording different numbers 
of species in the sampling bases 
Examination of the numbers of sites containing different numbers 
of species shows that the relative proportions of species recorded in the 
two sampling bases are reasonably similar (Table 45). Data were analysed 
in relation to sites which recorded no species, only one species, and 
sites which recorded multiple species. 	 A two-way contingency table 
analysis was undertaken for each sampling base to investigate the 
strengths of these differences in relation to several attributes measured 
during the bird census periods. 
In the inner band of the systematic grids at 23 of the 78 sites 
either no species (6 sites) or one species (17 sites) were sampled. More 
than one species per site were recorded at the remaining 55 sites (71%). 
In the outer band of the systematic grids, at 32 of the 78 sites sampled 
(almost 40% of sites) no more than one species per site were recorded. Of 
these only one species was recorded at 31 sites and none was recorded at 1 
site. At the remaining 46 sites (59%) more than one species per site were 
recorded. 	 Illustration of these differences are shown in Table 46 in 
relation to sites (ie. those at which less than one species was recorded 
and those where more than one species were recorded) and several 
attributes which were measured at each site. 
A highly significant difference was observed in the inner band 
between sites and observers (P < 0.001), suggesting observer counting 
techniques influenced the structure of the data. Other less significant 
differences are observed between sites and environmental groups 
(P < 0.025), and sites and wind speed (P < 0.05). 	 These differences 
suggest that species richness differed between the different environmental 
groups, and differences in the cover of the clouds and intensity and speed 
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Table 45 Relationship between numbers of sites and bird species 
Inner census band 
	
Outer census band 
(<50m) 
Systematic 
Grids 
Natural 
Patterns 
(50m-150m) 
Systematic 
Grids 
Natural 
Patterns 
6 	 (8%) 11 	 (12%) 1 	 (1%) 5 	 (6%) 
17 	 (22%) 10 	 (11%) 31 	 (40%) 45 	 (47%) 
23 sites 21 sites 32 sites 50 sites 
55 	 (71%) 74 	 (75%) 46 (59%) 46 	 (47%) 
Species 
Number of sites 
which recorded 
no species 
Number of sites 
which recorded 
only one species 
Sub total 
Number of sites 
which recorded 
multiple species 
Total 	 78 sites 	 95 sites 	 78 sites 
	 95 sites 
Chi Square Analyses 
Sites with <1 and >2 
species vs environmental 
groups 
Sites with 
species vs 
Sites with 
species vs 
Sites with 
species vs 
cover 
Sites with 
species vs 
<1 and >2 
observers 
<1 and >2 
wind speed 
<1 and >2 
% cloud 
<1 and >2 
time of day 
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Table 46:Summary of results for Chi Square analyses investigating 
relationships between sites (< 1 and > 2 with species) and other 
variables which were measured during bird sampling 
Systematic Grids Natural Patterns 
(<50)* (50-150m)+ (<50) (50-150m) 
P<0.025 P<0.05 P<0.001 ns 
P<0.001 ns P<0.05 P<0.001 
P<0.05 ns ns ns 
P<0.025 ns ns ns 
ns ns P<0.05 ns 
* Inner sampling band 	 n.s. = not significant 
+ Outer sampling band 
197 
of the wind, in turn affected the detectability of the bird species. A 
closer examination of the sites in relation to environmental groups showed 
that sites containing none and one species sampled low, structurally 
simpler vegetation formations (eg. dry and wet heathlands and sedgelands). 
In the outer band only one significant difference was observed, 
that being between sites and environmental groups (P < 0.05). Examination 
of the sites containing none and one species showed they sampled a range 
of vegetation formations including heathlands, sedgelands and taller more 
complex woodlands and open forests. 
	 This is different to what was 
observed in the inner band and suggests that other factors may be 
responsible for the low numbers of species recorded at these sites. 
Examination of the numbers of sites in natural patterns, Table 
45, shows that at 21 of the 95 sites in the inner band either no species 
(11 sites) or one species (10 sites) were recorded. At the remaining 74 
sites (77%) more than one species per site were recorded. In the outer 
band there is quite an obvious difference to the inner band, where at 50 
sites no more than one species per site were recorded. Of these, one 
species was recorded at 45 sites and no species were recorded at 5 
sites. More than one species per site were recorded at the remaining 46 
sites (47%). 
Examination of the strength of these differences was 
investigated using contingency table analyses as described above for 
systematic grids (Table 46). 	 In the inner band, a highly significant 
difference was observed between sites and environmental groups 
(P < 0.001), suggesting environmental groups differed in the numbers of 
species they contained. The sites containing none or one species were in 
low, structurally simple vegetation formations (eg. wet and dry 
heathlands). 
Significant differences were also observed between sites and 
observers (P < 0.05) and between sites and time of day when the sites were 
sampled (P < 0.05). These differences suggest that some observers sampled 
the sites differently and that bird species' detectability was affected by 
different sampling times. 
In the outer band, only one significant difference was 
observed. This occurred between sites and observers suggesting, as with 
the inner band, that they sampled the sites differently. 
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Based on the above analyses certain patterns in the data are 
apparent. There is no obvious difference between the numbers of species 
in the respective sampling bases and in the different census bands. 
However, there are differences in numbers of species per site and in some 
cases these are significant when analysed against particular attributes. 
For both data sets, systematic grids and natural patterns, there is a 
consistently highly significant difference between sites and observers. 
Other highly significant differences, occurring mainly in systematic 
grids, include differences between sites and wind speed, sites and cloud 
cover and sites and time of sampling. 
These results show that species presence/absence data is 
preferable to species count data because of significant differences 
between those sites with at least one individual per species and those 
with more than one individual per species. Since sites were not equally 
apportioned between environmental groups, observers or other measured 
variables, these effects cannot be easily investigated further. Given the 
variability in the bird count data and the ease of interpreting 
presence/absence data the bird data were reduced to presence/absence for 
the correspondence and biplot analyses which follow. The bird count data 
are used in later analyses to investigate patterns of species diversity 
between environmental groups. 
In the presentation of results which follows most of the 
information is taken from the correspondence analyses. This was done 
because they are more readily interpreted and illustrated. Results of the 
biplot analyses though important are difficult to clearly illustrate 
because of the poor clarity in the resultant patterns. For the purpose of 
illustration the biplot analysis for the inner and outer bands of the 
300m2 systematic grid data, are presented below. Some data points have 
been omitted for presentation. 
1.2 
	 Association between bird species and systematic grid 
environmental map groups using correspondence and biplot 
analyses 
Examination of the correspondence tables (Tables 47 and 48) 
shows a definite gradient between species and sites from left to right. 
This gradient corresponds to a gradient in environmental diversity from 
low, structurally simpler heathlands (left) to tall open forests 
(right). By comparing the classification of the 7 environmental groups 
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Table 47 	 Correspondence analysis table showing sites and bird species 
recorded in the inner band of the 7 300m2 systematic bird data 
groups. The 7 map groups are described in Figure 22. Bird 
species abbreviations are listed in Appendix IV. 
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Table 48 Correspondence analysis table showing sites and bird species 
recorded in the outer band of the 7 300m2 systematic map data 
groups. The 7 map groups are described in Figure 22. Bird 
species abbreviations are listed in Appendix IV. 
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derived via numerical classification in Section VI.a.2 with the gradient 
of sites in the correspondence tables and biplot analysis (Figures 46 and 
47), only a moderate association is shown to occur. More specific 
relationships are presented below, but the general pattern shown here 
suggests that groups of sites and bird species are responding to a finer 
scale of environment than that defined by the 300m2 systematic grid cells. 
Not all sites observed on the ground were included in this 
analysis. 	 Of the 89 sites sampled, only the data from the 78 centric 
systematic samples were analyzed. 	 The other 11 sites, with their six 
extra species, were extra sites sampled because extra time and resources 
permitted. The six species excluded comprise the willie wagtail, leaden 
flycatcher, New Holland honeyeater, brown songlark, brush bronzewing 
pigeon and noisy friarbird. To maintain a complete list of species these 
six species have been left in the correspondence tables, minus any data 
(Table 47 and 48). 
The 7 environmental groups show differing degrees of overlap. 
This is probably due to similar assemblages of birds occurring in the 
different environmental groups. 
	 It further suggests that the different 
environmental groups contain similar habitat elements. Overlap between 
groups is illustrated by their relative position in Tables 47 and 48. For 
example groups 2 to 7 appear very similar except where sufficient sites 
per group yield clusters or relatively discrete groups. The occurrence of 
clusters suggests such sites sample relatively homogeneous assemblages of 
birds and thus apparently similar patches of environment (eg. sites 65 to 
75 in group 4). 
Group 1 is comprised of patchy environments dominated by low, 
sedgeland and wet and dry heathland. Observations at sites in both bands 
of this group form tight clusters toward the left of each Table. This 
suggests that there are no differences between the vegetation types 
sampled. Common species in this group include the southern emuwren, field 
wren, tawny-crowned honeyeater, Richard's pipit, welcome swallow, 
Australian magpie and nankeen kestral. The latter three species were more 
frequently observed in the outer band. 
Some overlap occurs between group 1 and other groups. For 
example in the inner band (Table 47) sites situated on the right of the 
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group overlap with most other groups (sites 10, 15, 23 and 27). 	 The 
species which occur at these sites are more typical of the forest species 
assemblages of groups 2 and 4. The same sites in the outer band contain 
similar assemblages of species but also the heathland birds listed 
above. 	 The differences in species between the bands for these sites 
suggest they sampled ecotones of narrow linear forest in the more 
extensive and uniform heathlands and sedgelands. In addition to these 
sites, numerous sites in the outer band (eg. sites 54 through to site 1), 
situated on the centre-left of the plot of sites, contain both forest and 
heath birds. This further suggests the sampling of forest patches too 
fine to be measured at the scale at which the vegetation was mapped. 
Results of the biplot analysis (Figures 46 and 47) show a strong 
relationship between most sites and heathland species. For example, in 
the inner band, the following species show strong interactions throughout 
the range of sites (field wren, southern emuwren, tawny-crowned honeyeater 
and Richard's pipit). 	 In the outer band the same species are also 
important except that the emuwren and pipit are replaced by the white-
eared honeyeater and striated pardalote. The latter two species occur in 
forests. 	 Analysis of the data from the outer band shows that sites 
situated to the west of the study area are strongly associated with the 
above heathland species, but similar sites situated in the east of the 
study area do not show the same finding, apparently because the latter 
sites are surrounded by woodland and forest. A strong association with 
sites in the west is apparent between the welcome swallow and nankeen 
kestral, presumably because these birds preferred this habitat or were 
more easily seen by the observer. 
Group 2 comprises sites mainly in open woodland with some minor 
patches of wet heath. Sedgeland, rockland, woodland and open forest are 
also present but only minor elements of the group. This group is situated 
to the right of centre of the plot which suggests it represents a 
transitional group between low heathlands of group 1 and open forest of 
group 4. Common species in the inner band include the red-wattle bird, 
silver eye, eastern spinebill, yellow-faced honeyeater, spotted pardalote, 
scarlet robin, brown thornbill and grey fantail. In the outer band a 
similar assemblage of common species was observed with the addition of two 
species, the rufous whistler and white-throated treecreeper. 
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A comparison between the relative positions of the clusters of 
sites in both bands shows an apparent shift in spread and degree of 
clustering. Sites in the inner band are widely dispersed in contrast to 
the more tightly packed sites in the outer band. This difference suggests 
the environment sampled in the outer band may have been more uniform than 
that in the inner band. The composition of species in group 2 appears to 
reflect tall open forest with a tall, dry heath understory. 
The biplot analysis for the inner band shows that a small group 
of sites which are usually surrounded by group 4 habitats are associated 
with the species, rufous whistler, spotted pardalote, white-naped 
honeyeater and eastern spinebill. Such an association is not apparent in 
the outer band. 
Group 3 is comprised of mainly rockland, dry heath, woodland and 
open forest with some wet heath. Only three sites were sampled in this 
group. Common species include red-wattle bird, yellow-faced honeyeater, 
white-naped honeyeater, spotted pardalote, brown thornbill, white-eared 
honeyeater and New Holland honeyeater. Species of this group are similar 
to those of groups 2 and 4. A diverse array of species including the 
field wren and superb lyrebird, was recorded at site 58 suggesting that 
site 58 sampled the transition zone between a warm, low heathland and 
cooler, tall open forest. 
The biplot analysis showed no apparent associations between this 
environmental group and species for either of the two census bands. 
Group 4 contains relatively uniform areas of open forest with 
woodland comprising a sub-dominant formation. Minor patches of dry and 
wet heaths are also present. Common species of this group include the 
red-wattle bird, spotted pardalote, eastern spinebill, silver-eye, brown 
thornbill, yellow-faced honeyeater, grey fantail, fantail cuckoo, rufous 
whistler and white-throated tree-creeper. With few exceptions the species 
assemblage which characterizes this group is similar to that of groups 2 
and 3. The presence of a number of heathland bird species (southern emu-
wren, welcome swallow and field wren) at three sites (6, 7 and 18) 
indicate that the minor patches of heathland were sampled. 
The apparent tighter clustering of sites in the inner band 
suggest either the environments in the outer band are less uniform or the 
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species observed in the outer band are more variable. 
The biplot analyses (Figures 46 and 47) show a reasonably strong 
association between species and sites for the group. Nine of the nineteen 
sites for the inner band show strong associations with the grey fantail, 
brown thornbill, silver-eye and yellow-faced honeyeater. The occurrence 
of the species at sites exhibits a good correspondence and they are thus 
reasonable indicators of this habitat type. In addition, a small group of 
sites closely associated with some of those in group 2 show a strong 
association with the rufous whistler, spotted pardalote, white-naped 
honeyeater and eastern spinebill. In the outer band, sites are generally 
associated with the fantail cuckoo, grey fantail and white-throated tree-
creeper. 
Group 5 is comprised mainly of woodland with minor patches of 
open forest. This group overlaps to a large extent groups 2 and 4 and to 
a minor extent groups 1 and 3. Common species show no difference from 
those observed in groups 2 and 4. Rarer species in this group are the 
same as the heathland species of groups 1, 2 and 3 and include the 
southern emu wren, welcome swallow, field wren and Australian magpie. The 
occurrence of heathland species suggests that the heathland was not 
extensive. Further, if the proportion of heathland were greater it would 
have appeared in the habitat description of the group. 
The biplot analysis for the inner band showed species and site 
associations to be difficult to separate and identify. However, in the 
outer band sites are usually associated with three species, the fantail 
cuckoo, grey fantail and white-throated tree-creeper. The same species 
are similarly associated with sites of group 4. 
Group 6 is situated along and below the main sandstone Clyde 
escarpment and contain mainly open forest with rainforest and rockland. 
Owing to the restricted distribution of this group only two sites were 
sampled in the study area. Species observed in both bands are similar to 
those in group 4. Species recorded in both groups include the cooler, 
tall open forest/rainforest species, the rose robin, superb lyrebird, 
golden whistler, pilot bird and flame robin. As a result, it appears that 
both groups 4 and 6 share some similar environments. No pattern is 
apparent in the biplot analysis. 
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Group 7 comprises open forest on short steep slopes. Only one 
site (Site 73) was sampled in this group because of its limited 
distribution in the study area. 
	 Group 7 overlaps with environmental 
groups 2, 3 4 and 5 in the inner band and groups 2, 3 and 4 in the outer 
band. Species in the inner band appear most similar to those groups 2 and 
4 while in the outer band they are most similar to those in group 6 and in 
elements of group 4. 
In summary there is only a moderately good correspondence 
between sites and environmental groups and environmental groups and 
species. Where sufficient sites were sampled in homogeneous environmental 
groups, this association is stronger. 
	 However, where few sites were 
sampled, results are difficult to interpret. Because of the difficulties 
of proper allocation of sites and the generally limited number of samples 
per environmental group, the results show some species assemblages 
spanning several environmental groups. 
1.3 	 Associations between bird species and natural pattern 
environmental map groups using correspondence and biplot 
analyses. 
As was the case with the correspondence and biplot analyses of 
bird species observed at sites in the 300m2 grid sampling base, the 
analyses of bird species at sites in the natural pattern analyses also 
show a general gradient of species and sites corresponding with an 
apparent gradient in environmental diversity from low, structurally 
simpler heathlands to all open forests. 
	 In this section the biplot 
analysis was employed to analyse the NTP/300m2 data only. 
Since the same sites are common between the three natural 
pattern stratifications (complex land units (CLU's), land systems and 
NTP/300m2) the same correspondence analyses have been employed for all. 
The only difference between them is the allocation of sites, which changes 
with each stratification as a result of superimposing the groups of sites 
from each sampling base onto the plot of sites. 
In the following analyses only those species of birds observed 
within the two census bands during the 10 minute counts have been 
included. 	 As a result one species, the chestnut-rumped hylacola, is 
excluded because it was 'flushed out' within the inner band immediately 
after the census period had elapsed, while enroute to the next census 
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point. 	 However, for completeness this species has been left in the 
correspondence analyses of the total bird community encountered while 
sampling the natural pattern strata. 
1.3.1 	 Association between bird species and representative sites in 
complex land units using correspondence analysis. 
A reasonable separation of the groups of sites representing 
complex land units was achieved when they were ordered by correspondence 
analysis in terms of the bird species recorded (Tables 49 and 50). The 
majority of groups, however, show differing degrees of overlap. Greater 
overlap occurs between groups sampling the inner bird band than the 
outer. For example, in Table 49, CLU groups 10 and 49 show considerable 
overlap. The strong similarity between them is related to their component 
environments. Both occur in low, structurally simple vegetation on gently 
sloping terrain with shallow rocky soils. 
	 Separated initially because 
they occurred in different land systems (CLU in land system 9 and CLU 49 
in land system 19) their proximity in the correspondence Tables 49 and 50 
indicates similarity in bird communities. Species common to both CLU's 
include heathland birds, the tawny-crowned honeyeater and field wren, and 
several forest edge, taller heath birds; the superb fairy-wren, eastern 
spinebill and brown thornbill. 
Another example of CLU's with similar environments, separated 
because they occurred in different land systems, is CLU's 22 and 42. Both 
CLU's occur in land systems dominated by forest, CLU 22 in land system 20 
and CLU 42 in land system 17. Examination of their positions in Tables 49 
and 50 indicates there is little difference in their bird assemblages. 
Bird species common to both include cool, sheltered forest habitat birds, 
the brown warbler and white-browed scrubwren, as well as the more 
widespread generalist forest species, the grey fantail, the white-throated 
tree-creeper, spotted pardalote and yellow-faced honeyeater. 
While some groups of sites, representing CLU's, overlap 
considerably the apparent clustering of sites within the larger groups 
illustrate they contain different bird assemblages. 
	 For example, in 
Table 49 CLU's 46 and 42 appear to coincide but the relative position of 
the main clusters of sites in each clearly illustrate they comprise 
different bird assemblages. The environment of CLU 46 comprises open 
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Table 49 Correspondence analysis table showing sites and bird species 
recorded.in the inner band of the 14 complex land unit map 
strata. The 14 CLU's are described in Figurell. Bird species 
abbreviations are listed in Appendix IV. 
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forest on gentle sloping undissected terrain. 
	 CLU 42 consists of open 
forest on steeper, dissected terrain containing a greater variety of 
sheltered patches surrounded by slightly more exposed crests and upper 
slopes equivalent to in CLU 46. 	 This similarity between these CLU's, 
although there is greater environmental diversity in CLU 42, appears to 
account for the differences in the respective bird assemblages. Species 
common to both CLU's include the white-throated treecreeper, spotted 
pardalote and, brown and buff-rumped thornbills. 
	 Several species which 
are relatively common in CLU 46 are either rare or absent in CLU 42 (e.g., 
scarlet robin, superb fairy-wren and welcome shallow). The same pattern 
is present in CLU 42 with respect to CLU 46; common species in CLU 42 
include the striated thornbill, eastern-yellow robin, eastern spinebill 
and grey fantail. 
While a general gradient is apparent between CLU's (extending 
from heathland through to cool, moist open forest habitats) smaller CLU's 
are difficult to interpret. Groups of CLU's comprising 5 or fewer sites, 
of which there are 10 out of the 14 CLU's, sample only a portion of a 
pattern which becomes apparent where more samples are taken in larger 
CLU's. Relatively wide variation between sites sampling the two census 
bands for small CLU's suggest more sites are required to meet their 
inherent variability. 
	 This is most noticeable in CLU's 7, 10, 49 and 
61. In the outer band groups of sites for these CLU's are more tightly 
clustered suggesting some sites sample diverse of heterogeneous patches of 
environment in the inner band but more uniform or homogeneous environments 
in the outer band. 
The converse also occurs, tightly clustered sites in inner band 
do not always remain in tact in the outer band. For example, sites 
representing CLU's 22, 25 and 37 are relatively tightly clustered in the 
inner band but in the outer band are more widely spread. 
	 This shift 
suggests that the environments of the inner band are marginally more 
homogeneous than that sampled in the outer band. 
	 This difference may 
reflect the patch size of the environments which the two bands are 
sampling. 
Clearly the most unique CLU's are CLU's 19 and 25 which showed 
only minor overlap with other CLU's. These environments represent cool, 
moist tall open forest and rainforest respectively. 
	 Structurally both 
habitats are similar. Two species of birds are restricted to the inner 
band of CLU 25, the olive whistler and eastern whipbird, but most species 
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are shared in common with CLU 19, the rose robin, brown warbler, striated 
thornbill and grey fantail. These two habitats lack many of the species 
commonly observed in the open forest CLU's 41, 42 and 61 and, the 
remaining heathland CLU's. 
The relatively clear separation of CLU's along a clearly defined 
bird species gradient suggests that environments delineated on aerial 
photographs as mapping units provide a useful basis for sampling birds. 
The above results indicate some CLU's show a high degree of overlap 
between bird species assemblages with other CLU's, when their component 
environments are similar. This suggests that similar landscape patterns 
do not yield different or unique assemblages of birds even though they may 
occur in different land systems. Where sufficient samples are taken, 
especially in the larger CLU's, sites form relatively tight clusters with 
similar bird assemblages, which indicates sampling has met the apparent 
diversity of that environment. Small sample sizes are, however, difficult 
to interpret, since they yield only a portion of a more extensive pattern. 
1.3.2 	 Association between bird species and representative sites in 
natural pattern groups (NTP/300m2) using correspondence and 
biplot analyses. 
By comparing the groups of sites obtained from the NTP/300m2 
classification of map data with the same sites in the correspondence and 
biplot analyses a reasonable explanation of the relationships between 
sites and bird species was obtained (Tables 51 and 52). Only one group 
(2) is clearly unique, that is, relatively free from overlap with other 
environment groups in terms of species composition. The majority of 
groups show differing degrees of overlap, except group 6 in which no 
species were recorded in the inner band. The occurrence of considerable 
overlap between groups appears to be related to one of two factors. 
Either the cells measure similar sets of environments between groups or 
the attributes measured into the cells are not good discriminators of the 
bird community. Sites within groups nevertheless tended to form discrete 
clusters or sets which suggest such sites sampled similar patches of 
environment. 
An example of overlapping groups occurs between groups 1 and 3 
in the inner and outer bands, Tables 51 and 52 respectively. Both groups 
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Table 51 Correspondence analysis table showing sites and bird species 
recorded in the inner band of the 6 NTP/300m2 map groups. The 
6 NTP/300m2 map groups are described in Figure 39. Bird 
species abbreviations are listed in Appendix IV. 
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Table 52 Correspondence analysis table showing sites and bird species 
recorded in the outer band of the 6 ,NTP/300m2 map groups. The 
6 NTP/300m2 map groups are described in Figure 39. Bird 
species abbreviations are listed in Appendix IV. 
215 
are comprised of a broad array of sites described by woodland and forest 
birds on the centre and right of the tables respectively, and heathland 
and sedgeland birds on the left. Even though overlap is obvious between 
these two groups, group 3 reveals tight clusters of sites; in the inner 
band (between sites 48 and 39) and in the outer band (between sites 27 and 
58). By comparison, group 1 shows no apparent clustering of sites in the 
inner band and reasonable clustering of sites in the outer band (between 
sites 16 and 84). 
	 The difference between groups 1 and 3 appears to 
reflect differences in structure of vegetation between the inner and outer 
bands. In group 1 the shift from the broad array of sites in the inner 
band to the more tightly clustered set of sites in the outer band suggest 
that group 1 sampled different environments in the two bands. Essentially 
the inner sampled a diverse array of habitats comprising sedge/heathland 
to woodlands and open forest, while the outer band sampled a more uniform 
mosaic of heathland and woodland. Group 3 by comparison shows a greater 
similarity between the inner and outer bands suggesting similar or 
homogeneous environments in both bands. The dominant habitat of group 3 
comprised sedgeland and heathland with minor elements of open woodland. 
Additional insight into the relationships between the above two 
groups was obtained from the biplot. Only one species in the inner band, 
the yellow-faced honeyeater, is frequently associated with both. In the 
outer band three species are shared between the groups, the field wren, 
tawny-crowned honeyeater and red-wattle bird. The overlap between sites 
of these groups in the outer band is supported by shared species which 
suggest the environments of the two groups sampled are very similar. 
However, differences in the position of clusters of sites and the 
importance of difference species indicate there are real differences 
between the two groups, 1 and 3. 
Common species observed in the inner band of group 1 include 
forest birds (white-throated treecreeper, yellow-faced honeyeater and 
spotted pardalote), forest margin and heath birds (crescent honeyeater, 
eastern spinebill, white-eared honeyeater and superb fairy-wren), and 
heathland birds (field wren, tawny-crowned honeyeater and southern 
emuwren). By comparison common species in the outer band include fewer 
forest birds and more numerous heathland and forest-margin birds (e.g. 
Australian magpie and welcome swallow). 
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Common species of the inner and outer bands of group 3 are very 
similar. They include mainly heathland birds (spotted harrier, welcome 
swallow, tawny-crowned honeyeaters, southern emuwren and field wren). 
Additional common species include the yellow-faced honeyeater, and red-
wattle bird and Australian magpie. Examination of group 3 in the biplot 
shows a distinct relationship between 7 sites, mainly sedgeland and wet 
heath, and three of the above species, field wren, southern emuwren and 
tawny-crowned honeyeater. 
Group 2 is clearly separated in the inner and outer bands with 
some overlap occurring with groups 4 and 5. Group 2 is comprised of a 
narrow band of sites situated below the main escarpment in habitats 
dominated by two structurally similar vegetation types, rainforest and 
open forest. The result of this structural similarity yields a compact 
cluster of sites with few sites overlapping other groups. Bird species in 
this group are partly shared between rainforest and open forest but are 
largely confined to this group (e.g., olive and golden whistler, rose 
robin, eastern whipbird, mistletoe bird and brown warbler). The biplot 
analysis of the inner band shows little difference in species composition 
with groups 4 and 5 but in the outer band one species, the white-throated 
treecreeper, is strongly associated with this group. Also associated with 
the outer band but at only two sites are four species, the rose robin, 
grey fantail, pilot bird and spotted pardalote. 
Group 4 overlaps with groups 2 and 5 in the inner and outer 
bands. This suggests that the environment of group 4 is similar to those 
of the other two groups. Sites in the inner band are widely separated 
while those of the outer band are closely packed. 
	 Such a difference 
suggests the sites in the inner band sampled more heterogeneous 
environments than those in the outer band. Common species to both bands 
include the white-throated treecreeper and grey fantail. 
	 Species 
restricted to the inner band and coincident with group 2 include the brown 
warbler, yellow-faced honeyeater and brown thornbill. Species restricted 
to the outer band include the spotted pardalote and pilot bird. The 
biplot analysis shows no real difference between the birds of this group 
and those of groups 2 and 5. 
The inner band of group 5 occupies the central portion of the 
gradient between the moist, cool forests of group 2 and the relatively 
uniform heathlands of group 3. Group 5 comprises open forest and woodland 
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usually with a dry heath understory. Common species include yellow-faced 
honeyeater, scarlet robin, grey fantail, striated and buff-rumped 
thornbills and spotted pardalote. A minor shift in the cluster of points 
occurs from the inner to the outer band. Several sites in the inner band 
are comprised of typically heathland birds (e.g. welcome swallow and 
tawny-crowned honeyeater) while the outlying sites of the outer band 
contain species found in group 2. This shift suggests there is some 
environmental heterogeneity within this group but it is relatively small 
compared to group 1. Examination of the biplot shows a strong 
association between this group and the following species, the welcome 
swallow, white-eared honeyeater and Australian magpie. While these species 
are strongly associated with this group they also occur in other groups. 
Group 6 contains 3 sites situated in heathland on top of Mount 
Tianjara. No birds were recorded in the inner band, presumably because 
the vegetation is low in stuctural diversity and highly exposed to 
prevailing westerly winds. In addition, because the area was small it was 
not possible to increase the numbers of samples. By comparison, numerous 
species were recorded in the outer band, the majority of them are typical 
open forest species (e.g. yellow-faced honeyeater, scarlet robin, striated 
pardalote and white-eared honeyeater). The obvious difference between the 
inner and outer bands highlights the difficulty of sampling birds in 
narrow environments adjacent to dissimilar environments. 	 The biplot 
shows no obvious differences in species composition between this group and 
elements of group 5. 
The above descriptions are presented to illustrate the nature of 
the relationships between bird species and groups of sites representing 
NTP/300m2 groups. The separation between groups of sites representing 
NTP/300m2 groups show that a reasonable explanation is obtained where the 
groups contain environments which are structurally similar. Where groups 
contain a 	 diverse array of environmental components there is a 
correspondingly diverse array of bird species observed. In the larger 
diverse NTP/300m2 groups where more samples are taken sites tend to form 
relatively discrete clusters with similar bird assemblages indicating the 
apparent diversity of that environment has been sampled. Where similar 
environmental components are shared between NTP/300m2 groups different 
degrees of overlap occur between groups reflect different degrees of 
overlap between bird species. 
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Based on these results the NTP/3002 groups, derived from a 
classification of attributes measured from maps and airphotos, provide a 
useful basis for sampling birds. Caution is required, however, in 
analysing the results. 	 Small sample sizes are difficult to interpret 
because they represent only a portion of a larger pattern. Similar 
environmental components shared between groups cause different degrees of 
overlap between sites because of their component bird species. For 
example a site classified as a heathland, but in the field samples a small 
patch of open forest surrounded by more extensive heathland, means that 
such a site is not classified with the rest of the heathland sites but 
with open forest sites. This frequently occurred in sites sampling groups 
1 and 3 and groups 1 and 5. 
1.3.3 	 Association between bird species and representative sites in 
land systems using correspondence analysis. 
Analysis of sites, in terms of bird species composition by 
correspondence analysis (Table 53 and 54) and a priori  groupings of sites 
into land systems reveals a reasonably strong gradient from heathland 
dominated (land system 7) through to open forest dominated systems (land 
systems 17 and 20). Overlap between land system groups occurs to varying 
extents indicating some systems contain similar bird assemblages. This in 
turn suggests the presence of similar environments within those systems. 
For example groups of sites in land systems 7 and 9 overlap considerably 
in both bands because they are comprised of low heathland and sedgeland 
environments. This similarity is manifested in the species they share, 
including the fieldwren, southern emuwren, tawny-crowned honeyeater, 
nankeen kestrel and spotted harrier. 
Similarly, there is considerable overlap between groups of sites 
in land systems which contain significant extents of woodland and open 
forest (2, 5, 9, 17 and 19). Common bird species among them include the 
yellow-faced honeyeater, grey fantail, spotted and stgriated pardalotes, 
silver eye and red-wattle bird. Least overlap is observed in sites in 
land system group 20, few of the species of which are shared with other 
land systems. Unlike that of other systems this environment comprises 
cool, moist sheltered open forest, found also to a minor extent in land 
system 5. Species which are generally restricted to this environment 
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Table 53 
	
Correspondence analysis table showing sites and bird species 
recorded in the inner band of the land system map units. The 
7 land systems are described in Figure 4. Bird species 
abbreviations are listed in Appendix IV. 
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Table 54  Correspondence analysis table showing sites and bird species 
recorded in the outer band of the land system map units. The 
7 land systems are described in Figure 4. Bird species 
abbreviations are listed in Appendix IV. 
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include the rose robin, eastern whipbird, brown warbler, mistletoe bird, 
Lewin honeyeater and superb lyrebird. 
Where sufficient samples were taken (i.e., in the larger land 
systems) sites form relatively tight clusters within the broader array of 
land system groups (land systems 7, 17 and 20). Such clusters of sites 
suggest that the survey of the bird community has yielded a reasonable 
representation of the variability of the bird fauna of the systems 
sampled. 	 Clusters of sites further suggests that the dominant 
environments (land units) within the systems have been adequately 
sampled. For example land system 7 comprises several land units all with 
environments which have low and structurally simple vegetation they 
include sedgeland, wet heath, moist heath and dry heath. Since there is 
no apparent sub-grouping of sites which correlate with these vegetation 
units there is no apparent difference between the bird fauna which they 
contain. A few sites occur some distance from the main clusters of sites 
and include: sites which sample heath adjacent to woodland edge (sites 1 
and 8); sites which sample diverse patches of environment which were not 
detected when classified and samples allocated (e.g., sites which comprise 
isolated or emergent trees which support some bird species more typical of 
open forest - sites 89, 84 and 85); and sites where species were recorded 
which were more typically observed in open forest (e.g., species observed 
as flying over the site or observed as infrequent visitors within the 
heathlands, e.g., yellow-faced honeyeater, red-wattle bird and grey 
currawong). 
Sites in land system 17 show a definite cluster of sites in both 
the inner and outer bands. The land units in this system, like those of 
band system 7, are structurally similar. Typically the different 
vegetation communities are open forest on different aspects and slopes. 
Even though several different vegetation communities are present in this 
system there is no apparent sub-clustering of the sites sampling them to 
indicate apparent differences in the bird fauna which comprise them. 
Although a cluster of sites is evident it occurs within a more extensive 
gradient from drier, warmer sites (on the left) to cooler, moister sites 
(on the right). 
	 Common bird species include the white-throated 
treecreeper, yellow-faced honeyeater, grey fantail, striated and spotted 
pardalotes and eastern-yellow robin. Some overlap in groups of sites is 
present between this system and land system 20 because of the similarity 
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of their vegetation stgructure of tall open forest. Common bird species 
shared between them include the striated and spotted pardalotes and grey 
fantail. 
While the sites contained in the plots of the above systems are 
relatively tightly clustered because of the structural similarity of their 
environments, several sites in land systems 2, 5, 9 and 19 contain a 
diversity of environments. Land system 9 for example is comprised of two 
distinct vegetation structural formations, heathland and open forest, 
which in turn occur as components within the gradient of sites. Common 
heathland/sedgeland birds include the fieldwren, tawny-crowned honeyeater, 
welcome swallow and Australian magpie. Bird species frequently observed 
in the open forest are similar to those seen in land system 17 with the 
exception that the scarlet robin is noticeably more abundant. 
	
The 
apparent lack of clustering of sites in land system 19 also suggests the 
presence of a diversity of environments. The dominant vegetation is open 
forest which grades from sheltered to more exposed situations which 
gives way in patches to tall Banksia heath. 
	 Common species of this 
system include the red-wattle bird, yellow-faced honeyeater, brown 
thornbill, white-throated treecreeper, white-eared honeyeater, superb wren 
and eastern spinebill. 
	 Where the Banksia heath becomes dominant, 
honeyeaters become more common, e.g., new holland honeyeater, eastern 
spinebill and crescent honeyeater. 
	 The apparent dissimilarity between 
the position of the sites in the inner and outer bands is worth noting. 
Open forest and tall heath birds were observed within narrow tongues of 
forest on low rocky scarps mainly in the inner band. In the outer band a 
greater frequency of birds more typically observed in low heath was 
observed. This difference reflects the importance of sample allocation 
and variability of bird counts in ecotones. 
The gradient of environments defined by groups of sites in land 
systems in this analysis shows a reasonable explanation where environments 
are structurally similar. Where the groups contain a diverse array of 
environments there is correspondingly a diverse assemblage of bird 
species. Since some of the components of land systems are the same or 
similar land units, different degrees of overlap occur in bird species 
composition between them. These results suggest land systems provide a 
useful basis for sampling birds. 
	 Caution is required, however, in 
analysing the results. Care in the delineation and sampling of land units 
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may reduce the wide disparity between sites in some land systems and yield 
more compact clusters of sites and therefore bird species assemblages. 
Greater clustering of sites in the outer sampling band could be achieved 
by avoiding ecotones during the allocation of samples. 
2. 	 Bird Species Cumulative Frequency Polygons from Sites in the 
Different Sampling Bases 
Curves of the accumulation of successive counts of bird species 
at sites within the different environmental classifications are presented 
in Figures 48, 49 and 50. The value of curves of this kind lies in the 
findings of Preston (1948) which give mathematical expression to the well 
known phenomenon that in successive samples of any community the dominant 
and common species are sampled first and the less numerous and rare 
species later; 	 the curve of capture, or cumulative frequency polygon, 
approaches an asymptote when most of the species in the community have 
been sampled. If all the samples come from a homogeneous population the 
values will fit a normal curve when plotted proportionately. 	 If the 
population sampled is heterogeneous, bi-modal or even multi-modal curves 
will result. 	 Curves with different slopes and asymptotes represent 
samples from different populations. 
In the results which follow complex land units are not presented 
because most of the units have fewer than 5 samples per habitat group. 
This was done because most habitat groups would not develop an asymptote 
because of too few samples per habitat group. It should be noted that 
sites were not randomised but rather species were accumulated from sites 
as they occurred in the data set i.e., as they were sampled in the 
field. Ideally sites should be randomised to reduce the effect of biases, 
gradients and discontinuities in the data. 
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Figure 48 Curves illustrating the successive accumulation of bird species 
in the inner band a) and the outer band b) for the 7 300m2  
systematic grid map groups. The 7 map groups are described in 
Figure 22. 
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Figure 49 Curves illustrating the successive accumulation of bird species 
in the inner band a) and the outer band b) for the 6 NTP/300m2  
environmental map groups. The 6 map groups are described in 
Figure 34. • 
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system map groups. The 7 land systems are described in Figure 4. 
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2.1 	 Cumulative frequency polygons of bird data from sites in the 
300m2 grid environmental map groups 
Cumulative frequency curves for the sites which sample the 
7 300m2 grid map groups show similar patterns between the inner and outer 
sampling bands (Figure 48, a and b). 
Inner band 
Group 4 is by far the richest group with 35 species. Sites in 
this group sampled mainly open forest and woodland. Group 1 reaches an 
asymptote at 17 species but then continues to increase to 26 species after 
showing no increase over 16 sites. Sites in this group sampled wet and 
dry heath and sedgeland. The increases in species numbers over the last 8 
sites suggest these sites may have sampled ecotones. The remaining groups 
2, 3, 5, 6 and 7 are all undersampled. 
Outer band  
Group 1 is the richest group with 33 species. Two asymptotes 
are apparent in this group, occurring at 27 and 33 species respectively. 
These plateaux coincide somewhat with the inner band and gives support to 
the idea that the later group of sites sampled ecotones. 	 Group 4 is 
similar to group 1 and is the next richest with 31 species. This pattern 
is similar to the inner band; 	 in that both bands show no obvious 
asymptote. The remaining five groups are all undersampled. 
2.2 	 Cumulative frequency polygons of bird data from sites in 
NTP/300m2 environmental map groups 
Similar patterns are shown in the 6 NTP/300m2 map groups in both 
the inner and outer bands (Figure 49, a and b). 
Inner band 
The richest group is group 1 with 29 species, which sampled 
mainly dry and wet heathlands with rockland and open woodland as minor 
components. 	 Group 3 is least rich with 19 species. 	 The dominant 
environments of group 3 are low, structurally simpler heathlands, 
sedgeland and some open woodland. The remaining four groups (2, 4, 5 and 
6) appear to be undersampled except for group 5. Groups 2, 4 and 5 
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sampled a variety of taller more complex environments including rainforest 
and woodlands. 	 Group 6 recorded no species at sites which sampled 
rockland and wet heath. 
Outer band  
The richest group is group 3 with 29 species. 	 Clearly this 
group is bi-modal suggesting sampling of an ecotone thus making it the 
richest group. Without the last 5 sites this group would be the least 
rich and be similar in pattern to the inner band. The next richest group 
is group 1, which shows a similar pattern to the inner band. Group 1 
shows an asymptote after 20 sites which suggesting that it samples a 
relatively homogeneous environment. Group 2 shows an asymptote after 5 
sites which is interesting because in a mixed rainforest and open forest 
the species richness is expected to continue to increase beyond 19 species 
as is the case in the inner band. This phenomenon suggests that there is 
a bias in sampling bird species in this habitat. Group 5 shows a similar 
pattern of increase to group 1 except that it would require more sites to 
reach an asymptote. Sites in groups 6 and 4 sampled open forest below 
cliffs, obviously both groups are undersampled. 
2.3 	 Cumulative frequency polygons of bird data from sites in land 
system map groups 
Bird species accumulation curves for the 7 land systems show 
dissimilar patterns between the inner and outer bands (Figure 50, a and 
b). 
Inner band  
The inner band shows a differential ordering of systems from the 
least rich to the most rich (i.e., 2, 7, 17, 5, 20 and 19). Land system 9 
does not fit the same ordering as it cuts across several land systems. 
The separation of systems suggests that this corresponds to an increase in 
the diversity of the environments. The richest land system groups are 9 
and 19 which share 22 species. 	 Land system 9 is obviously bi-modal 
reflecting the two main types of habitat sampled. The first 6 sites 
sampled heathland while the remainder of the sites sampled woodland and 
open forest. The asymptote in land system 9 indicates sites are sampling 
uniform habitat. The least rich land system is 2 with only 3 species 
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after sampling 6 sites. Land system 7 is also relatively species poor 
with 11 species. 	 Both land systems 2 and 7 sample heathland. The 
remaining 3 systems 5, 17 and 20 sample open forest or rainforest or a 
mixed stand of both these. All 3 systems are undersampled. 
Outer band  
In the outer band there is not the clear separation of systems 
as there is in the inner band. The richest land system is 9 with 32 
species. 	 It is also clearly bi-modal in the latter part of the curve 
suggesting these sites are sampling ecotones. 
Dissimilarity between the latter portions of the two bands in 
land system 9 appear to be the result of sampling more diverse habitats in 
the outer band. A similar pattern is apparent between bands in 
LS 2. Land system 17 is rich with 22 species. The least rich land system 
is 7 with 15 species. Five land systems are undersampled. These include 
2, 5, 9, 17 and 19. There is an obvious difference between the richness 
in the inner and outer bands in land system20. The inner band of this 
system is undersampled but in the outer it appears adequately sampled. 
This difference suggests that there is a bias in sampling birds in the 
outer band of mixed rainforest and open forest, already mentioned above. 
Several general statements are presented in conclusion to this 
section. There is a generally consistent pattern between the two sampling 
bands, proportionally more species are observed in the outer band than the 
inner band. Groups of sites which sampled large and homogeneous 
environments tended to develop an asymptote with fewer sites than did 
groups which sampled a diverse array of smaller environments. 	 In the 
latter case groups tended to be undersampled. 
The inherent weakness in adopting the same sampling strategies 
(i.e., numbers of samples) for sampling both environment and bird species 
is obvious from these analyses. This resulted in the undersampling of most 
environmental groups. This point will be taken up in discussion later. 
Examination of the three different sets of curves show that in general 
land system groups and NTP/300m2 map groups tend to separate out better 
than the 300m2 grid map groups. The only exception to this is found in 
the inner band of the 300m2 grids (Figure 48) where groups 1 and 4 are 
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The difference between the two natural pattern 
m2 map groups and land systems) and the 300m2 grid 
clearly separated. 
sampling bases(NTP/300 
sampling base suggest 
sites in the former is 
that the systematic representative allocation of 
preferable to centric systematic site allocation in 
the allocation of samples at 
of 
the latter because there is no control over 
the centre of each grid without regard for the underlying patterns 
environment. 
	
3. 	 Relationships Between Bird Species Diversity and Environmental 
Diversity 
One of the main objectives of this thesis is to demonstrate the 
importance of sensible environmental stratifications for faunal survey. 
In this section an attempt is made to compare environmental diversity with 
bird species diversity. 
Bird species diversity for each of the different groups within 
the different environmental map stratifications, were derived by 
transforming values of bird species numbers and individuals into the 
Shannon—Weiner index of diversity (0). Mean index values when plotted 
against the environmental groups, ranked on the basis of increasing 
structural complexity in the vertical layers of the vegetation, exhibit a 
general positive relationship for the different map stratifications. Bird 
diversity in the outer band is generally more diverse than in the inner 
band, a point already mentioned in other sections above. 
	
3.1 	 Bird species diversity measured in environmental map groups in 
the 300m2 systematic grid sampling base 
Bird species diversity for each of the seven environmental 
groups from the left represent a range of increasing vegetation structural 
complexity (Figure 51). Groups 1 and 2 are dominated by low, sedgeland 
and wet and dry heathlands with minor extents of woodlands and open 
forest. Groups 4 and 5 comprise mainly woodland and open forest. Some 
low heathland also occurs in group 4. Group 3 consists of a complex of 
dry heath, rockland and woodland. Group 6 and 7 both comprise tall open 
forest, with mixed associations of rainforest and open forest in the 
former. 
231 
S h
an
no
n-
W
ei
n
e
r
 
 
in
de
x  
v
a
lu
e
 
 
2.5- 
2.25 , >50 
2 
1.75 I 
<50 
1.5 
1.25 e 
e 
1 
0.75 
0.5 
0.25 
0 I 1 . 	 1 
1 2 4 5 3 7 6 
300m2 systematic grid map groups 
Figure 51 Plot of bird species diversity (H') against the 300m2 systematic 
grid map groups. 
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Mean species diversity values show significant differences 
between habitat groups in the inner band (P<0.001) but not so in the outer 
band. If the small groups (3, 6 and 7) are removed from the analysis of 
data from the inner band an increase in the index values is observed, 
corresponding with the environmental groups. Inclusion of the whole data 
set requires a quadratic function to account for some of this variation 
(P<0.05). 
The general pattern between diversity indices in the two census 
bands shows that the outer band recorded proportionally higher values 
than did the inner band. 	 The difference may reflect deficiencies in 
allocation of sites to samples in diverse environmental groups. It may 
also occur as a result of meaning data from heterogeneous sites (e.g., 
four of the seven habitat groups comprised a mixture of heathland and 
forest). 
These results show that species diversity indices derived from 
sites in a centric systematic design yield results which, although 
sensible, require caution in interpreting. For example, in the outer 
band, the apparent reasonable positive linear trend in the latter portion 
of the above figure rests on very few samples. With centric systematic 
sampling there is no control over sample placement in relation to 
ecotones, and dominant or rare habitat features. While the 
300m2 grid is appropriate for describing the optimum scale of the land 
surface, centric systematic samples are not equally sensitive to the rates 
of change of the patterns of habitat to which the bird fauna is 
responding. 
3.2 	 Bird species diversity measured in environmental map groups in 
the complex land unit sampling base 
The order of CLU's in Figure 52 from the left represent a range 
of environmental groups from low heathland and sedgeland habitats (CLU's 
51, 35 and 10) to groups dominated by open forest (CLU's 
Values of mean species diversity show a positive trend 
increasing environmental complexity. While this trend 
there is considerable variability between different CLU's, 
structurally simple environments where the numbers of census 
19, 42 and 25). 
n relation to 
is significant 
especially in 
points were 
few in number. 	 For example, CLU 38, which received only 3 samples 
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Figure 52 Plot of bird species diversity (H') against the complex land unit 
map groups. 
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recorded nil species in the inner band, but a very high value in the outer 
band. 
An analysis of variance carried out to test the significance of 
the trend showed that the inner band was explained by two components, a 
positive linear trend (P<0.001) and a cubic component (P<0.07). The cubic 
component appears to be responding to the unexpected peaks and troughs, 
the most apparent being the low diversity values for CLU's 38, 7, 46 and 
the high value in 61. In the outer band the trend is similar. A 
significant positive linear trend explained much of the apparent spread of 
points (P<0.01). The wide variation present leaves a large amount of the 
variation unexplained, related to the unexpected high value for CLU 38 and 
the low values for CLU's 37, 7 and 42. 
The least diverse (rich) bird faunas occurred in low, 
structurally simple heathlands and sedgelands (CLU's 51, 35, 37 and 7). 
There is an increase in diversity from these environments to the taller 
dry heathlands (CLU's 10 and 49). Complex land units containing trees in 
the upper layer were in turn generally richer environments (CLU's 61, 46, 
19 through to CLU 25). The richest of these were tall, open forests 
situated on sheltered slopes supporting a complex of different layers of 
vegetation (CLU's 19, 42, 22 and 25). 
The absence of ecologically meaningful discontinuities between 
the various environmental groups suggests a gradient in bird communities 
between CLU's. The difference in diversity values between the bands for 
the same environmental groups appear to be linked to sample allocation 
adjacent to ecotones. 
3.3 	 Bird species diversity measured in environmental map groups in 
the natural pattern (NTP/300m2) sampling base 
The order of NTP/300m2 groups in Figure 53 from the left 
represent a range of environmental groups from low sedgelands, wet and dry 
heathland (groups 3 and 1), to environments dominated by woodland 
(group 5), to environments dominated by mixture of open forest and 
rainforest (group 2). 
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Figure 53 Plot of bird species diversity (H') against the NTP/300m2 natural 
pattern map groups. 
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Values of mean species diversity show significant positive 
linear trends in relation to increasing structural complexity in both the 
inner and outer bands. 	 The levels of significance between the groups 
means differ between the inner (P<0.01) and the outer band (P<0.001). No 
data were recorded in the inner band for group 6. This result illustrates 
the problem of sampling narrow linear environments surrounded by more 
diverse environments. Low counts of this type are typical of heathland 
environments where the observer is conspicuous (inner band) while very 
much higher counts are typical of structurally more complex forested 
groups (outer band). 
The least diverse bird faunas are shown to correspond with low, 
structurally simpler heathlands and sedgelands (groups 1 and 3). Species 
diversity is higher in woodlands (group 5), and increases through open 
forest (group 4), to reach a peak in mixed stands of rainforest and 
eucalypt open forest (group 2). 
Based on these figures there does not appear to be any discrete 
environmental groups, but rather the general pattern of diversity is a 
positive change from simpler to more complex environments. 
3.4 	 Bird species diversity measured in environmental map groups in 
the land system sampling base 
Bird species diversity for each of the seven land system (LS) 
groups from the left represent a range of increasing vegetation structural 
complexity (Figure 54). 	 These in turn represent low sedgeland and 
heathland on the left (LS 2 and 7) through mixed dry heathland and open 
forest (LS 9 and 19) to tall open forest (LS 5 and 17) and a mixture of 
open forest and rainforest in LS 20. 
There is a clear positive trend in species diversity indices 
corresponding with increasing structural diversity in the plant 
communities. This trend is significant in both census bands, with the 
inner band (P<0.001) showing greater significance than the outer band 
(P<0.01). In both bands there are also large amounts of variation still 
unexplained. In the inner band, the major sources of variation include 
the unexpected low value for land system 2, caused by insufficient 
samples. Land system 19 recorded a higher than expected diversity index 
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Figure 54 Plot of bird species diversity (H') against the land system map groups. 
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value suggesting the sites sampled were structurally more complex than 
indicated by the land system description used to rank the systems. The 
value for land system 9 was lower than expected reflecting the effect of 
combining low diversity low heathland sites with more diverse open forest 
sites. 
In the outer band variation occurred in land system 19 which 
recorded a higher than expected index value. This system was structurally 
more complex than expected from land system descriptions provided. 	 In 
addition, low values for land systems 5, 9 and 17 all contribute to the 
variation. Low values for systems 5 and 17 appear to reflect influences 
of sampling either because of observer bias or because of bird behaviour 
in forested situations. The low value for land system 5 may also be due 
to too few samples. 
These results suggest that agglomeration of fine scale 
environments (land units) into land systems has the effect of introducing 
heterogeneity into the sampling of bird species diversity. By comparison 
the results obtained for complex land units and NTP/300m2 show less 
variation. Land system ranking would have been improved by reallocating 
land system 19 between land systems 9 and 5, where a better fit lay. 
In conclusion to this section on the relationships between bird 
species diversity and environmental diversity several points are worth 
restating. Generally the outer band recorded higher diversities than did 
the inner band. In all sampling bases significant positive relationships 
between species and environmental diversity were observed. Variation 
within these positive trends, however, occurred where samples were 
situated adjacent to ecotones. Variation also occurred in environmental 
groups which contained a mixture of different environments each with 
different species diversity values (e.g.,deriving a mean index value for a 
mixture of open forest and heathland). In addition to these, variation 
also occurred where insufficient samples were taken. 
Some caution is nonetheless needed in the interpretation of 
these results. The level of significance of any of the linear and 
quadratic trends depend heavily on the a priori ordering placed on the 
environment groups. Departures from this trend may simply reflect a 'poor' 
choice of initial ordering of environmental groups (e.g., land system 19 
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between land systems 9 and 5 in Figure 54). The analysis of variance 
essentially compares all the means of the diversities for each 
environmental group and gives a statistical test of their differences. 
Because of the ordering of the groups the overall test can be decomposed 
into components which correspond to linear, quadratic and cubic 
functions. 	 Such an analysis only indicates 'goodness-of-fit' to the 
different components and says nothing about the overall variation in the 
data. 
c) 	 Relationships Between Sampling Bases: 	 A Four-Way Contingency 
Table Analysis Between Sampling Bases, Environmental Groups, 
Bird Sampling Bands and Bird Guilds 
One of the main objectives of this thesis was to assess the 
efficacy of the environmental sampling bases, grids and natural patterns 
as frameworks for sampling avifaunal communities. Relationships between 
the two environment sampling bases, the data for which were measured from 
topographic maps and aerial photos, were tested by investigating 
differences in the bird community as measured at sites on the ground. 
This section presents the results of a four-way contingency 
table analysis used to investigate relationships between sampling bases 
and other related attributes. The method used a GLIM, a program to analyze 
the log-linear model. 
In previous sections no statistical analysis between the two 
sampling bases was attempted because the numbers of samples shared between 
them, only seven, were insufficient to permit the use of conventional 
statistical methods. A four-way contingency table analysis was used in 
this instance because in previous sections similarities were apparent 
between the two sampling bases in terms of environmental groups and total 
numbers of bird species,environmental groups and numbers of species in the 
bird sampling bands and, total numbers of bird species individuals in the 
bird sampling bands. The four factors involved in this analysis are 
these; two different sampling bases, six different environmental groups, 
two bird sampling bands and seven bird guilds. 
Ideally an investigation of the similarity between the two 
sampling bases would require a comparison of their coincident sites. But 
because only seven sites were shared in common, an alternative statistical 
solution was adopted. The use of contingency table analysis using the 
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bird species instead of sites involves a functional type analysis. It is 
employed because previous sections had shown that the two sampling 
procedures produced essentially the same results. 	 Discrepancies which 
occurred were due to the inadequacies of sampling forced on the study by 
limitations in logistical support. These deficiencies will be taken up in 
the discussion where an alternative approach to calculating the 
appropriate numbers of samples is presented. 
Because of the complexity involved in interpreting the 
relationships between four factors in a four-way contingency table, 
several decisions were taken regarding the type of data used as input. 
The first difficulty arose because of the large number of bird species. 
Most of the 64 bird species observed in the two sampling bases were not 
common to all environmental groups or to both bird sampling bands. The 
large number of zero counts for individual species therefore precluded the 
use of counts of individual species. 	 Instead bird species were 
amalgamated into seven groups of species called guilds. A guild consists 
of a group of taxa (species) which share a common resource (Root 1977). 
In this case bird guilds are based on the type of food eaten and their 
foraging strategies, they include: 	 plant material foragers, ground 
invertebrate foragers, tree-bark invertebrate foragers, foliage 
invertebrate foragers, nectar and foliage invertebrate foragers, aerial 
invertebrate foragers and, vertebrate and invertebrate foragers 
(Table 12). 
The second decision involved standardising the numbers of 
environmental groups between the two sampling bases to six groups. This 
involved matching descriptions of the environment for the environmental 
groups between the seven groups in the 300m2 systematic grid and the six 
groups in the natural pattern (NTP/300m2) (Table 13). Groups 4 and 7 in 
the 300m2 grid group were combined into one group, equivalent to group 4 
of the NTP/300m2 environmental group. 
The fourth attribute, bird sampling bands (i.e., the inner and 
the outer bands) was used without alteration. 
The results of the four-way contingency table analysis are 
summarised in Table 55. The main interactions measured all of which are 
significant at P<0.001 are presented in the three sections below. The 
extra remaining variation in the residual is also discussed below. It is 
important to note that the factors in each section consist of occurrences 
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Table 55: Summary of results of a four-way contingency table analysis of 
occurrences of bird guilds in relation to sampling bases, bird 
sampling bands and environmental groups. 
Degrees 
freedom 
Deviance Probability 
11 746.0 (P<0.001) 
13 1027.0 (P<0.001) 
30 98.8 (P<0.001) 
11 68.9 (P<0.001) 
102 137.3 (P<0.01) 
Source of 
effects 
Sampling base/ 
environmental group 
Bird guild/ 
and sampling band 
Bird guild/ 
environmental group 
Sampling base/ 
bird sampling band/ 
environmental group 
Residual 
2 sampling bases (natural pattern and systematic grid) 
6 environmental groups 
2 bird sampling bands 
7 bird guilds based on feeding strategy and type of food eaten 
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of bird guilds tallied within the different sampling bases, bird sampling 
bands and invironmental groups. 
i) 	 Sampling bases in relation to environmental groups and bird 
sampling bands 
There is a significant interaction between the two sampling 
bases and the six environmental groups. Environmental group 6 is poorly 
represented in both sampling bases. The remaining groups are reasonably 
well represented with group 2 comprising the greatest proportion of 
occurrences of guilds (Figure 55). The number of occurrences of guilds in 
environmental groups 1 and 4 in natural patterns was greater than when 
measured by systematic grids. The converse was true for group 5. The 
above three differences between the sampling bases suggest that NTP/300m2  
sites tended to oversample environmental groups 1 and 4 and to undersample 
group 5 when compared with systematic grids. 
The low proportion of occurrences of guilds in group 6 in both 
sampling bases is due to its limited extent in the south-east corner of 
the study area. Group 6 is restricted to steep, short slopes along and 
adjacent to the main escarpment and supports open forest and rainforest. 
Environmental groups 4 and 5 record fewer occurrences of guilds 
in the outer band than the inner band (Figure 55). This trend exists in 
both natural pattern and systematic grid data sets. The dominant 
environment in group 4 is open forest/woodland and in group 5 woodland. 
This apparent difference between these and other groups may reflect an 
artifact of the census technique, a bias of the observers or a combination 
of both. 
Several environmental groups contained a greater proportion of 
occurrences of guilds in the outer than in the inner band. They include 
groups 1, 3 and 6, the porportions of which are generally consistent for 
both natural patterns and systematic grids (Figure 55). 	 Group 2 for 
systematic grids shows a similar pattern to these, but group 2 for natural 
patterns is similar to groups 4 and 5 described above. Groups 1 and 3 for 
the most part describe low, structurally simple heathlands and sedgelands, 
while group 6 describes taller, structurally more complex open forest and 
rainforest. Group 2 describes similar environmental elements to group 3 
in natural patterns and group 2 systematic grids but their relative 
proportions differ. Group 3 of the natural patterns comprises relatively 
more sedgeland and wet and dry heathland than group 2 of the systematic 
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grids. 	 Both groups comprise similar proportions of open woodland but 
group 2 of the systematic grids also includes rockland as a minor element. 
These results suggest that particular environments when sampled 
by systematic grids and natural patterns yield similar results. 
Environmental groups with a predominance of open forest and/or woodland 
(groups 4 and 5) recorded a greater proportion of occurrences of guilds in 
the outer band, while low, heathland and sedgeland (groups 1 and 3) and 
tall rainforest/open forest (group 6) recorded more occurrences of guilds 
in the inner band. 
ii) 	 Sampling bases in relation to foraging guilds and bird sampling 
bands 
There is a significant interaction between the seven different 
foraging guilds and the two census bands in which they were recorded. 
Three foraging guilds are poorly represented in the data for most 
environmental groups and between natural patterns and systematic grids. 
They include guild A (plant material foragers), guild C (tree-bark 
invertebrate foragers) and guild G (vertebrate and invertebrate 
foragers). In general these three guilds were recorded as occurring more 
frequently in the outer band than the inner band. Guilds D and E (foliage 
invertebrate foragers and, nectar and invertebrate foragers respectively) 
comprised the dominant proportions of the bird community across both 
census bands and between both natural patterns and grids (Figure 56). 
Guild A, the plant material foragers, contained six species, 
which included the cockatoos, parrots, the bronze-wing pigeon and 
mistletoe bird. This guild was relatively evenly recorded in both bands. 
Guild B, the ground invertebrate foragers, comprised a relatively large 
sasemblage of 15 species, including the superb lyrebird, scarlet robin, 
superb wren, willie wagtail, Richard's pipit and Australian magpie. 
Figure 56 shows that few occurrences of this guild were recorded in the 
outer band in both natural patterns and grids. Guild C, the tree-bark 
foragers, is represented by only one species, the white-throated 
treecreeper. This species was recorded in noticeably larger proportions 
in the outer band than the inner band in both sampling bases (Figure 
56). 	 Guild D, the foliage invertebrate foragers, contains a large 
assemblage of 20 species. 	 Species in this guild include the cuckoos, 
whistlers, pardalotes and currawongs. Figure 56 shows fewer occurrences of 
this guild in outer than the inner band. This pattern is consistent for 
both natural patterns and systematic grids. Guild E, the nectar and 
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invertebrate foragers, also contains a relatively large number of 
species. 	 This guild contains the honeyeaters, including the eastern 
spinebill, red wattlebird and yellow-faced honeyeater. 	 There does not 
appear to be any difference in proportions of the inner and outer bands 
within the sampling bases, but a greater proportion of this guild was 
recorded in natural patterns than in systematic grids. 	 Guild F, the 
aerial invertebrate foragers, comprises six species, including the welcome 
swallow, tree martin, grey fantail and dusky woodswallow. This guild was 
recorded equally in both census bands in grids but not in natural 
patterns, fewer occurrences in the outer band of the latter, is probably a 
reflection of sampling a greater proportion of forest environments. Guild 
G, the vertebrate and invertebrate foragers include six species, all of 
which are birds of prey such as the spotted harrier, wedge-tailed eagle, 
nankeen kestral and kookaburra. This guild was consistently recorded in 
greater proportions in the outer band in both natural patterns and 
systematic grids. 
iii) 	 Sampling bases in relation to foraging guilds and environmental 
groups 
There is a significant interaction between feeding guilds and 
environmental groups. The occurrence of the different guilds within the 
environmental groups in natural patterns and systematic grids is shown in 
Figure 57. Foraging guilds A and G comprise only minor proportions of the 
total bird communities and guild C is slightly more common. 
Guild A, the plant material foragers comprised only a minor 
component of environmental groups 1 and 2. 	 Both of these groups are 
dominated by low heathland and sedgeland. Groups 3 and 4 also contained 
low proportions of plant material foragers relative to other guilds. The 
largest proportion of guild A occurs in group 5, which represents 
relatively uniform and extensive tracts of woodland and open forest. In 
group 6 this guild was not recorded in systematic grids, but there was a 
relatively large occurrence in natural patterns. 	 This difference may 
reflect an insufficient number of sites were sampled in the systematic 
grid base. 
Guild B, the ground invertegrate foragers, were present in 
relatively similar proportions in all environmental groups for both 
natural patterns and systematic grids. The largest proportions were 
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recorded in groups 1 and 6 and the lowest in groups 3 and 5. 	 This 
suggests that low heathland and sedgeland (group 1) and open forest and 
rainforest (group 6) support large numbers of readily available ground 
invertebrate food items. 
Guild C, the tree-bark invertebrate foragers, although 
relatively uncommon was most abundant in groups 1, 4 and 5. 	 This 
abundance coincides with the large proportion of timbered environment in 
each of these groups. The lowest proportion of bark foragers was recorded 
in groups 3 and 6. Group 3 comprised mainly low heathland and the latter 
group may represent unsuitable forest type for this single species guild, 
the white-throated treecreeper. 
Guild D, the foliage invertebrate foragers, was the dominant 
guild across all environmental groups in both natural patterns and 
systematic grids. The largest proportion of occurrences was recorded in 
group 1 and the least in groups 2 and 6. 	 Natural patterns generally 
recorded fewer occurrences of this guild than did systematic grids. 
Guild E, the nectar and invertebrate foragers, was present in 
all environmental groups in both natural patterns and systematic grids. 
Large differences in the relative proportions of occurrences of this guild 
between environmental groups and between natural patterns and systematic 
grids suggest this guild exhibited large fluctuations in numbers among the 
different environmental groups. The largest proportion of occurrences of 
this guild were recorded in environmental groups 2 and 6 and the lowest 
proportion in group 1. 	 Larger proportions were generally recorded in 
natural patterns than in systematic grids. 
Guild F, the aerial invertebrate foragers, was present in 
relatively low proportions in all environments in both natural patterns 
and systematic grids. The largest proportion of occurrences was recorded 
in group 3, with relatively large proportions also occurring in groups 1, 
2 and 5. These environmental groups generally contain low sedgeland and 
heathland (groups 1, 2 and 3) and woodland and open forest (group 5). 
This guild differs in the component species between heathland and 
forest. 	 Common heath species include welcome swallow and tree martin, 
while open forest and woodland support the grey fantail. Aerial foragers 
were relatively rare in group 4 and absent from group 6 of the natural 
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patterns. 	 Its absence in natural patterns suggests that insufficient 
sites may be have sampled. 
Guild G, the vertebrate and invertebrate foragers, was 
distributed unevenly and in very low proportions among the 6 environmental 
groups and between natural patterns and systematic grids. The largest 
proportions of occurrences were recorded in group 2, and it was absent 
from groups 1, 3 and 4 of the natural patterns and groups 5 and 6 of the 
systematic grids. The uneven proportions suggest this guild is rare and 
therefore was undersampled using the point census technique. 
In conclusion these results show that there is considerable 
similarity between bird species diversity as measured by the two sampling 
bases. 	 The strong interactions of occurrences of bird guilds between 
environmental groups and bird sampling bands measured within the two 
sampling bases suggest the two sampling bases are measuring essentially 
the same things. Differences between the sampling bases, while evident, do 
not discount the indication that the two sampling bases are measuring much 
the same environments. On the whole these differences reflect different 
emphases in allocating samples, including centric systematic allocation of 
sites at the centre of each 300m2 grid and allocating sites systematically 
to representative integrated environmental groups (NTP/300m2), equivalent 
to Gunn's (1985) land units within land systems. 
While a 300m2 grid cell was shown to be appropriate for 
representing the different environments in the study area, grid cells with 
high environmental heterogeneity are likely to be undersampled when a 
centric systematic sampling approach is adopted. Because no control can be 
imposed on the specific allocation of a sample in relation to a specific 
environment, the problem arises in relation to environmental group 
variability and numbers of samples per cell. The affect of adopting a 
systematic representative approach means that a specific environment can 
be sampled, thus ensuring a measure of the variability of environment in 
each map group. This phenomenon will be discussed below. 
This section shows that environments mapped from air photos and 
topographic maps using either systematic grid or natural patterns yield 
similar results in terms of the bird community. While there are 
deficiencies in using a centric systematic sampling approach to sample 
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highly variable environments, there is considerable similarity between the 
two sampling bases when they sample uniform and extensive environments. 
This arises because both sampling methods place more samples in extensive 
environments (e.g., open forest and heathlands). 
Further evidence of the similarity between the sampling bases is 
the proportional occurrences of guilds in the bird sampling bands. While 
sample placement has an obvious affect on the number of occurrences of 
guilds in different environmental groups there is considerable similarity 
between the bird sampling bands in the two sampling bases. 
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VII 	 DISCUSSION 
The primary purpose of this study is to investigate the efficacy 
of two sampling bases or strategies, systematic grids and natural 
landscape patterns, for measuring the environment of avifaunal 
communities. 	 The problems addressed are basically those of sampling; 
firstly in relation to the measurement of environment and, secondly to 
those of faunal survey, defined as the measurement of animal populations 
and communities in their environments. Faunal survey thus involves two 
key activities, stratifying the environment into uniform, ecologically 
sensible regions of land (strategies), and designing key sampling methods 
the numbers and distribution of faunal assemblages in them 
Without information on of which environmental sampling 
are appropriate for use in faunal survey it is difficult to 
assess their bias on the resulting faunal survey data. 	 Faunal survey 
using an appropriate and cost-effective environmental sampling strategy is 
therefore the basis of this study. This approach reflects the principle 
that environment determines the kinds and numbers of animals found in a 
tract of land. Findings from such studies provide a much needed solution 
to what sampling strategies are feasible and practical for sampling faunal 
communities in large unknown regions. 
The approach adopted in this study is shown schematically in 
Figure 1. It illustrates the steps leading to the development of the two 
sampling bases from aerial photos and topographic maps and the pathways 
used to verify these by comparing data measured at sites on the ground for 
both environment and bird fauna. The two sampling bases were derived by 
classification and regionalisation. 	 The placement of ground sites 
differed between the two sampling bases; in systematic grids, a single 
systematic sample was located in the centre of each grid, and in natural 
patterns, stratified systematic samples, assumed to be representative of 
map units, were used. 	 The strength of the statistical relationships 
between the sampling bases and the ground site samples, for environment 
and bird fauna, were used as indicators of ecological meaning in the 
results. 
to enumerate 
(tactics). 
strategies 
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Measuring the Environment  
The problem of measuring the environment demands the use of 
attributes which permit extrapolation, and of a vocabulary common to all 
users. The problem of environmental classification is one of finding a 
technique which is robust but at the same time ecologically sensible. 
Once this is recognised it is obvious that not all techniques for 
classifying the environment are of use in all situations. The type of 
classification needed should be driven by such parameters as area of land 
under consideration, need for a desired resolution and the different 
attributes required for a single species or an assemblage of species, 
according to objectives. 
Management of a single species requires the measurement of 
attributes relevant to that species (Fox 1984); however, management of a 
group of species needs measurement of attributes which describe the 
integrated resources utilized by all species. 	 In practice this means 
measurement of attributes which describe the surface of the land where 
animals live. 
In both cases, the species and the community, environment is 
measured in terms of the description of key attributes of animal niches. 
Myers et al. (1984) discuss how and where such attributes are derived, and 
list as sources four principle areas of research; 	 general trends in 
evolution, strategies of colonizing species, ecologies of sympatric 
species and processes of ecological gradients in space and time. Schoener 
(1974) in a comprehensive study of 80 ecological communities from slime 
moulds to vertebrates, identified and ranked 5 environmental dimensions 
responsible for segregating species assemblages into niches. 
Ideally the integral description of environment of groups of 
species should be the sum of the attributes which are required by all 
populations using it. Such attributes need to be dynamic in the sense 
that as the extent of an area is decreased there is a corresponding 
increase in resolution. Similarly, as the scale is decreased, that is, 
less detail over larger areas, the same variables transform and are 
relevant to the level of larger groups of species or communities. Myers 
et al. (1984) refer to these dynamic variables as emergent variables. 
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Environmental attributes captured from maps in this study were 
matched with those measured on the ground (Table 9). 	 The types of 
attributes measured included two of the four types defined by Myers 
(1983); these were prime independent (physical environment) and secondary 
variables (vegetation); the other two, other animals and time, were not 
relevant in the context of this study (see Figure 3, point Ha). 
Deciding on what environmental attributes to measure must be 
followed by decisions on how to measure them. The extent and variability 
of the area under study will determine this to a large extent. Small 
areas and areas where a high degree of precision is required for 
management need some form of pilot study or prior stratification. Where 
the area is large and virtually unknown, some form of multi-stage sampling 
may be more suitable. These and several other options are presented in 
Figure 3. 
The main sources of data used to derive environmental or map 
groups are in the form of aerial photography, various published maps 
e.g. topographic and geologic, and ground site data. Such information as 
these enable relatively large areas to be covered with minimum effort at 
reconnaissance scales. 
Classifying the Environment  
No area in faunal survey requires greater research effort than 
sampling and classification of the environment. Most workers agree that 
ecological analysis is not a detailed and explicit procedure, and as a 
result variations between observers and analytical techniques should be 
expected. 	 Nevertheless, it is important that ecological regions be 
sufficiently similar with respect to internal heterogeneity to allow 
evaluation of their suitability for representing faunal habitats. 
The literature reviewed in Section II shows that provided the 
initial stratification of environment is ecologically based, then almost 
any systematic method of sampling fauna in relation to it, will yield 
useful results. 	 The major lack of knowledge in this however is in 
relation to the biases we can expect to encounter by comparing the results 
for any one method in a range of different environments. This is a very 
real need when we wish to evaluate areas for selection of nature 
conservation areas. 
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Classification of environment requires an understanding of 
scales of mapping as well as the effects of adopting a particular 
numerical classificatory technique. 	 In general two approaches to the 
problem of classifying the environment can be recognised; 	 'bottom-up' 
(agglomerative) and 'top-down' (divisive) (Rowe 1978). Implementation of 
these two techniques for mapping the environment leads to the development 
of essentially two different sampling bases for faunal surveys. 
In this study the bottom-up method is represented by the 
systematic grid sampling base and the top-down method is represented by 
the natural pattern sampling base. 	 The bottom-up strategy is 
characterised by the measurement of an array of attributes which are known 
or thought to be important, of possibly important. This strategy is often 
presented as being free of bias and robust in relation to the measurement 
and classification of environmental regions (Laut and Paine 1982). 	 It 
makes no presumptions about underlying correlations between attributes or 
about the nature of scales or hierarchies between related variables. 
However Rowe (1978) points out that to make compositional attributes the 
sole basis for objective classification is to renounce the conceptual 
framework that alone can give the ecological meaning. In other words, a 
purely bottom-up environmental classification has little ecological value 
unless it is interpreted in terms of natural or inherent patterns and 
relationships (e.g. natural boundaries between plant communities). An 
unsupervised computer classification of a Landsat scene is a pure example. 
In contrast to this, the top-down approach seeks to stratify the 
environment into discrete regions using patterns which are apparent in 
aerial photography or other remotely sensed images of the land surface. 
This approach to environmental classification presumes that the landscape 
exhibits natural patterns or natural scales, and that aerial photography 
provides a means for measuring and sampling them. As more systematic work 
is done on the dimensions of the natural patterns obtained from different 
scale photography for similar environments results are indicating that the 
inherent scale of the environment is principally a function of the area of 
the ground covered by a single photograph and the scale of the photography 
(Speight Pers. comm). The implication of this is that care needs to be 
exercised in choosing the appropriate scale of air photos to adequately 
represent the desired level of environmental detail. 
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Techniques which classify data determine the variability of 
resulting classes or classification groups. In this study examination of 
the groups derived from the hierarchical classifications of the PCA scores 
for both map and ground site data show an important trait which need not 
be necessarily ecologically desirable even though it may be statistically 
desirable. In effect the sorting algorithm clustered map data and ground 
site data to minimize the within group variability and maximize the 
between group variability. 	 This resulted in sets of environmental 
attributes with similar high or low PCA scores being grouped together to 
form classification groups. For example, map cells and ground sites which 
sampled forested and wooded environments and a variety of steep sloping 
terrain measured much higher PCA scores than were measured for several 
different low, structurally simpler vegetation types (e.g. heathland, 
mallee and sedgeland) which occurred on more gently sloping terrain. 
Classification of these PCA scores led to the 'splitting' of forested and 
wooded environments into several different groups and the 'lumping', 
usually into one group, of all the heathland, mallee and sedgeland 
environments (Tables 26 and 37). This is most apparent in Table 33 which 
shows most of the heathland groups of the CLU groups are grouped into the 
NTP/300m2 ground site group 5. 
While this shows that forested and wooded data (including map 
cells and ground sites) are obviously more variable than the sum of the 
different heathland, mallee and sedgeland data, it raises the question as 
to whether it is ecologically sensible given, in this study at least, the 
aim is to map and describe the different environments in an area in order 
to sample the faunal assemblages. The answer to this question lies in 
whether or not the classification is meaningful and can be extrapolated. 
As has already been discussed in relation to the classification 
techniques used to prepare the sampling bases, the bottom-up or the top-
down approaches are only meaningful where interpreted in terms of the 
natural or inherent patterns and relationships of the environment. 	 In 
this study two tests were used to investigate whether the environmental 
map classifications were ecologically meaningful; 	 firstly they were 
compared with classifications of ground site environmental data and, 
secondly, they were compared with classifications of bird species data 
measured at the same ground sites. 
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Comparison of classifications of environment based on data from aerial  
photographs and maps and from sites on the ground. 
In order to verify the two sampling bases, the map data 
(measured from air photos and maps and classified to describe the 
environment of the whole study area), were matched with classifications of 
ground site data (measured at sample sites on the ground). Two analytical 
procedures were used to investigate the strength of this relationship. 
Firstly, data from maps and ground sites were classified separately to 
form summary groups referred to as map groups and ground site groups. 
This was done to reduce the complexity of the data, forming classification 
groups which would permit comparison of the data sets both within and 
between the sampling bases. Secondly, the classifications were compared 
using Procrustes rotation analysis, a multivariate technique which rotates 
the vectors describing sites and attributes for both the map and ground 
site data sets. 	 This was done to discover which parameters were 
mismatched between the data sets and in which sites these occurred. 
The results of the comparison between classification groups for 
the ground site and map data showed strong agreement in terms of the major 
groups but there were numerous mismatches among the smaller groups. This 
pattern was generally consistent for both systematic grids (Table 27), and 
for natural patterns, including complex land unit groups (Table 33) and 
the NTP/300m map groups (Table 38) 
Some map groups were described by several ground site groups 
suggesting that the original map data may not have measured the same 
amount of variability between the different groups. Such discrepancies 
probably occurred because of the differences in the extent of sample area, 
resolution of the map data available, the numbers of ground site samples 
allocated to sample map groups and the group size imposed on the 
hierarchical classification. 
i) 	 Differences in the extent of sample area occurred because the 
dimensions of the sampling units were different between the 300m2 map 
groups and the complex land unit groups. This difference is seen in the 
allocation of samples. 	 Systematic grids were sampled using centric 
systematic samples where no control was possible in sampling particular 
patterns. Complex land unit groups on the other hand were sampled using 
sites which were systematically allocated to sample representative 
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patterns thought to be homogeneous. The consequence of sampling a 300m2  
grid using a single ground site may be that the site does sample the 
desired attributes on the ground. For example map group 2, in natural 
patterns NTP/300m2, describes steep slopes but the corresponding ground 
site groups are separated into two groups, 	 group 1 describing gentle 
slopes and group 4 describing steep slopes. 
ii) The resolution of the map data differs from that available for 
the ground site groups. For example in the 300m2 systematic grid sampling 
base map, group 4 does not mention the presence of rockland, but ground 
site group 3 describes this as an important attribute. 
iii) Mismatches also occurred because insufficient ground site samples 
were used to sample the variability of map groups. For example map group 
6, in the natural pattern NTP/300m2 sampling base, contains rockland and 
wet heath as the dominant vegetation cover along with some open forest. 
The corresponding ground site group 5, does not refer to measurement of 
any open forest. This difference occurs because originally these three 
ground sites were chosen to sample CLU 37, a discrete patch of rockland 
and wet heath surrounded by open forest. 
iv) The fourth difference between the classification groups occurred 
when complex land unit groups were compared with natural pattern ground 
site groups. 	 Because a limit of six groups was imposed on the 
classification of the ground site data (Section V.b.i.5.3) these groups 
are far less spatially discriminating of pattern on the ground than 
complex land units. Much of the variability of the ground site groups is 
related to forested and wooded environments situated on a variety of 
terrain types. 	 Only one ground site group (5) describes the seven 
different types of heathland, mallee and sedgeland. The consequence of 
this is that CLU's are greatly simplified by the ground site groups. 
The second type of analysis used to explore the nature of these 
coarse patterns Procrustes rotation analysis, provided a measure of the 
relationship between the classifications of map data and ground site data, 
and indicated those sites which differed most. It was planned to use this 
analysis to compare the agreement between the map data and the ground site 
data for the 300m2 systematic grids and the complex land unit sampling 
bases respectively, but it became apparent that it was not sensible to use 
complex land units as a source of quantitative data for a multivariate 
analysis. 	 The reasons for discarding the CLU mapping base for this 
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purpose are listed in section V.b.ii.2. 
In view of these inadequacies the 300m2 grid was adopted as the 
ecological sampling unit for reclassifying the complex land units as the 
natural patterns NTP/300m2 sampling base. 	 This modification to the 
natural pattern sampling base enabled a more robust comparison to be made 
between the two sampling bases. Details pertaining to the development of 
the NTP/300m2 sampling base are described in section V.b.ii.2. 
The results of the Procrustes rotation analysis for the two 
sampling bases showed that data from sites in the 300m2 systematic grids 
yielded a better agreement between classifications the map data and ground 
site data than did those from the natural patterns (80 and 60 percent 
respectively). These values also indicate that environmental descriptions 
measured from air photos and available maps match reasonably well those 
descriptions of environment measured on the ground. 
The 60% level of agreement between the classifications of map 
data and the ground site data by natural patterns NTP/300m is obviously 
lower than that measured by systematic grids. It is likely that the level 
of agreement for natural patterns sampling base would have been improved 
by separating the distance between ground sites for natural patterns to a 
minimum of 300m equivalent to that of the systematic grids. As it is, the 
sites are situated mostly 100m apart, being chosen originally to sample 
specific CLU's. As it happened, the 300m2 map cells probably oversampled 
the map data because of their extensive overlap. It is also likely that 
an improvement in the level of agreement between both sampling bases would 
have been achieved if a vegetation association similar to that of Nicholls 
(1983) had been included in the site data. 
Notwithstanding this difference in agreement between the two 
sampling bases, there are some obvious similarities in relation to the 
types of mismatches common to both of them. An investigation of the most 
different sites for the 300m2 systematic grids (Tables 28 and 29) and the 
natural patterns NTP/300m2 (Tables 39 and 41) showed these to be 
attributed mainly to the failure of the ground data to measure either the 
existence of, or an equivalent magnitude of similar combinations of 
variables measured on the map data. 	 These were summarized into three 
categories. 
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i) The first type of mismatch occurred where ground site coding 
differed from that used in the measurement of map data. In particular 
streams measured from topographic maps were recorded as present 
irrespective of whether they were permanent or intermittent. However, on 
the ground the occurrence of a stream was only measured if it contained 
freely available surface water in the form of pools and flowing water or a 
combination of the two. Consequently, dry and damp drainage depressions 
indicating a potential stream capable of flowing were overlooked. This 
difference could be rectified by including extra codes when measuring this 
variable in the field. 
ii) The second type of mismatch occurred where the ground data 
undersampled the map data. This occurred because a single site was used 
to sample each 300m2 grid cell, approximately 10 percent of each map 
cell. This was found not to be a problem where the level of environmental 
heterogeneity was relatively low, for example in uniform patches of open 
forest and heathland. Problems only occurred when ground sites measured 
an obvious difference from that measured as map data; typically this 
occurred in highly diverse map cells. This would largely be overcome by 
employing more intensive sampling either in the form of more sites, or by 
increasing the area of the sample site to encompass a greater amount of 
variability. 	 If this were done it would permit analysis of the 
variability of the map data. A method for achieving this is discussed 
below. 
iii) The third type of mismatch occurred because of the small scale 
resolution of the map data and the correspondingly large scale or detailed 
measurements of equivalent variables on the ground. While this difference 
is inevitable, it is fundamental to the problem of mapping relatively 
large areas with a reasonable resolution. 	 Examples of this type of 
mismatch occurred where a ground site measured the same attribute but 
proportionally it was more important at ground sites than in map cells. 
(e.g. a minimal occurrence of rockland in a map cell and an abundant 
coverage of rocky scarps and terraces on the ground). This problem can 
largely be solved by selecting attributes which are measurable along a 
continuum of differing size of area and resolution. 	 In practice this 
involves the classification of environment for different purposes. 
Vegetation ecologists (Damman 1979 and, geomorphologists (Speight 1984 and 
Townshend 1981) ecological land surveyors (Bourne 1931, Christian and 
Stewart 1968, Bailey 1982, and Rowe and Sheard 1981) and faunal surveyors 
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(Myers et al 1984) have all variously addressed this problem. In general 
there are two things in common between these workers: 	 attributes of 
greatest benefit are those which are commonly understood and easily 
measured over a range of different scales; 	 and attributes need to be 
integrated into a sensible hierarchy where the purpose of the data 
determines the scale of its measurement. 
Relationships between total numbers of bird species and numbers of  
individuals 
The numbers of species and individuals counted at sites in the 
two sampling bases, 300m2 systematic grids and natural patterns, show a 
high degree of similarity. More species were observed in natural patterns 
(55 species) than in systematic grids (53 species) (Table 42), but this 
difference was not significant. The high association observed between the 
two sampling bases with respect to the total numbers of individuals (Table 
43) showed the inner sampling band recorded about 25% more individuals 
than the outer bird sampling band. 
	
Slightly more individuals were 
recorded in the systematic grids due to an increase in abundance of 
several species of honeyeaters in the area, arriving after the sampling of 
the natural patterns had been completed. Even so, these results indicate 
that systematic grids and natural patterns sampled similar environments 
and similar bird assemblages. 
Relationships between numbers of species individuals and sites  
Analysis of the differences between numbers of species per site 
showed them in some cases to be significantly related to other attributes 
measured at the same sites. There is a consistently highly significant 
difference, in both sampling bases, between sites with no species and one 
species and observers. These differences suggest that observer counting 
techniques influenced the structure of the data. 
That differences do exist among observers in the detection of 
numbers of birds is indisputable (Berthold 1976), and that they can be 
reduced by observer training has been shown by Keplar and Scott (1981). 
Even though care was taken in the field to standardize the different 
observers against the author, the above difference shows that more 
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attention to training observers is needed. It also emphasises that data 
from different observers should not be used in analyses without first 
establishing the variability between them. Kepler and Scott (1981) showed 
that over a period of 12 days variation between observer pairs declined 
from 50% to 13% for particular species sampled. This study at Tianjara, 
involved at least one, and less than five days observer training. 
Variation between large numbers of observers can be greatly 
minimised by careful screening of applicants to eliminate the obvious 
visual, aural and physiological factors that increase variability. 	 In 
addition, variation can be reduced by conducting simultaneous counts of 
problem species between 'experienced' observers and by becoming familiar 
with field guides and taped bird songs and calls. In this study observers 
were not screened but had extensive experience in quantitative surveys 
collecting bird data. 
Other significant differences, occurring mainly in systematic 
grids, include differences between sites and wind speed, sites and cloud 
cover, and sites and time of sampling. Robbins (1981) has shown that wind 
speed has an obvious impact on the detectability of species; 	 of 18 
species analysed, six species were significantly correlated with wind 
speed. Robbins concluded that almost all species declined more sharply at 
Beaufort 4 and 5, indicating wind speeds above Beaufort 3 (13-19 kmp) 
should be avoided when sampling. In this study Beaufort 4 was used as the 
threshold beyond which sampling was abandoned. In the light of the work by 
Robbins and the significant difference recorded for sites and wind it 
appears Beaufort 3 would be more appropriate. 
Cloud cover itself does not appear to influence bird census 
sampling but taken into account with wind speed the detectability of 
species is affected (Robbins 1981). 	 If anything, birds tend to call 
longer in the morning of overcast days. Light rain and fog alone do not 
obviously affect bird detectability, except for visual counts (Robbins 
1981). 
During morning bird sampling a significant difference in the 
numbers of individuals were recorded than in earlier morning and later 
afternoon counts. Later morning sampling (9 am to 11 am) was necessary 
because of weather delays and insufficient field observers. While these 
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two problems can normally be overcome by extending the sampling periods, 
this was not possible here because the census period began to overlap with 
the spring movements of birds into and through the area. 
Significant differences between sites and environmental map 
groups for both sampling bands in both sampling bases (300m2 systematic 
grid map groups and NTP/300m2 map groups) were observed, except in the 
outer band of natural patterns. This indicates that obvious differences 
occur in the numbers of species between map groups and between bird 
sampling bands. A closer examination of the sites which recorded none and 
one species per site revealed they sampled consistent environmental groups 
in the inner band but different environments in the outer band. In the 
inner band these included dry and wet heath and sedgelands. This not only 
points to the fact that low, structurally simpler vegetation formations 
record fewer species and individuals, but it also highlights the need to 
examine what are appropriate methods for sampling the bird assemblages in 
these environments. By contrast, environments in the outer band of the 
systematic grids contained a diverse array of environments which would be 
expected to support a diverse bird fauna. This difference between the 
inner and outer bands suggests that other factors may be responsible for 
the low numbers of species recorded at these sites. 
In the light of the significant differences between the numbers 
of species individuals at sites, due to the reasons described above, 
species presence/absence data were chosen as preferable to species counts 
for input into the correspondence and biplot analyses. The data were not 
discarded however, but were used in analysis to investigate the 
relationship of environmental diversity and bird species diversity. 
Faunal data sampled at ground sites in the sampling bases were 
compared with the map groups using correspondence analyses (Tables 47 and 
54) and biplot analyses (e.g. Figures 46 and 47). The effect of sampling 
environmental map groups which share similar attributes is most apparent 
in these Tables and Figures. Some of the greatest overlap between map 
groups occurs in the 300m2 systematic grid sampling base (Tables 47 and 48 
and Figures 46 and 47). 	 These map groups show the effects of the 
hierarchical classification technique of combining all the heathland, 
mallee and sedgeland data in one group (1) and 'splitting' the forested 
and wooded data into several groups. 	 This shows up as considerable 
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overlap between the map groups which partition the forested and wooded 
data (i.e. map groups 2 to 7) while map group 1 is clearly separate. In 
other words, the high degree of overlap between map groups reflects highly 
similar bird species assemblages in the map groups. 
Even though there is a high degree of overlap between map groups 
in terms of the component bird species, some of the larger map groups show 
the occurrence of clusters of sites, which suggest such sites sampled 
relatively homogeneous assemblages of birds and thus apparently similar 
patches of environment (e.g. sites 65 to 75 in map group 4 of Tables 47 
and 48). 
A pattern similar to that in the 300m2 systematic grid map 
groups was observed in the NTP/300m2 map groups (Tables 49 and 50). This 
again emphasises the behaviour of the hierarchical classification 
technique of lumping and splitting. 	 The main difference between map 
groups of the two sampling bases is that the NTP/300m2 map groups contain 
two groups (1 and 3) which largely describe heathland type of 
environments, while the former only described one group (group 1). 
This difference probably occurs for two reasons. Firstly, the 
sites chosen to sample the NTP/300m2 map groups were those originally 
allocated to CLU groups using a stratified systematic (representative) 
design. 	 Here many of these sites were allocated to sample CLU groups 
consisting of narrow tongues of forested and woodland which were 
surrounded by other more extensive heathland types of CLU groups (e.g. CLU 
61 surrounded by CLU 51). Resampling and re-classification of those sites 
using a 300m2 grid cell to prepare the NTP/300m2 map data did not match 
the same environmental description for which it was chosen. Thus after 
re-classification, a site which was chosen originally to sample open 
forest occurred in a heathland dominated map group. Consequently, the 
heathland dominated map group 1 contains more bird species commonly 
associated with forest and woodland than expected in a heathland map 
group. This, coupled with the occurrence of more heathland bird species 
in the outer than the inner band of group 1, suggests that the NTP/300m2  
ground sites are not representative of the dominant environment measured 
in the 300m2 grid cells. 
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The second reason for the relatively large number of overlapping 
sites between the NTP/300m2 map groups is probably related to the way the 
NTP/300m2 data were measured. Only 30 of the 95 map cells did not overlap 
other map cells; 	 the remaining map cells range in overlap from 10% to 
almost 85%. 
These findings from the correspondence analysis tables and 
biplot analyses for the 300m2 systematic grid and the natural pattern 
NTP/300m2 sampling bases point to some of the problems of environmental 
classification for faunal survey. 	 It indicates that an environmental 
classification which is statistically sound in terms of achieving given 
objective criteria, still requires considerable care in interpreting and 
sampling. 
Natural pattern sampling bases derived by delineating mapping 
units on air photos i.e. complex land unit groups and land system groups 
also appear to provide useful bases for sampling birds. Complex land unit 
groups (Tables 49 and 50) show a relatively clear separation of map groups 
along a clearly defined bird species gradient. Land system groups (Tables 
53 and 54) show somewhat more overlap between map groups than CLU 
groups. This is to be expected because land systems contain differing 
amounts of land units, hence the different degrees of overlap in bird 
species composition between them. 	 Caution is required however, in 
analysing the results of the smaller scale map groups, i.e. land systems, 
because some systems contain dissimilar land units which leads to a wide 
disparity between sites. 
Comparison of the correspondence analysis tables for 300m2 
systematic grid map groups (Tables 47 and 48) and the NTP/300m2 map groups 
(Tables 51 and 52) with the other two natural pattern sampling bases, 
complex land unit groups (Tables 49 and 50) and land system groups (Tables 
53 and 54), suggest the latter two achieve a better separation of map 
groups. On this basis it appears that environmental map groups delineated 
on air photos provide a better basis for sampling bird fauna than sampling 
bases derived by multivariate classification of attributes measured into 
the 300m2 grid cells (i.e. the objectively derived sampling unit for all 
environments in the whole study area). 
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The better relationship between bird species and map groups for 
the two natural pattern sampling bases delineated on air photos probably 
occurs because this technique of mapping environmental variability relies 
on delineating the spatial and contextal nature of integrated biophysical 
regions whereas the 300m2 grid multivariate classification technique 
relies on minimising the within-stratum variance and maximising the 
between-stratum variance of sampled attributes. 
The regular nature of the 300m2 grid cell therefore appears less 
suitable for representing environments for sampling bird species than the 
irregular often interdigitated nature of natural patterns. 	 The 
fundamental difference between the two approaches is that the former (top-
down) assumes that patterns on air photos are ecologically meaningful and 
useful for sampling fauna, while the latter (bottom-up) makes no such 
claims in relation to spatially important regions or descriptions until 
after the data are measured and classified. These results add further 
evidence to the conclusion that the 300m2 was not the optimal grid size 
for representing all environments in the study area. 
The results of this study show a strong agreement with the 
findings of Recher (1975), who studied the relationships between a similar 
set of habitats and bird species at Myall Lakes,NSW. Recher's analysis of 
the bird species data showed a separation into three major habitats. The 
first major separation was between forest and shrub habitats. The next 
division was within forest habitats, separating rainforest and wet 
sclerophyll forest and dry sclerophyll forest. While a total of six 
different habitats were identified he found only three were adequately 
associated with the bird community. Recher's findings (Figure 3) agree 
reasonably well with the findings of the correspondence analysis tables of 
this study. Both illustrate the problems of relating numerous apparently 
discrete habitats to bird assemblages which are not completely confined to 
one habitat. 
Curves of the accumulation of successive counts of species at 
sites were analysed to discover whether the component map groups in the 
different sampling bases had been effectively sampled. 	 Preston (1948) 
used this technique to give expression to the relationship between 
successive samples of any community until an asymptote is reached when 
most species in a community have been sampled. The shape of the curve 
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develops initially in response to the dominant and common species 
(i.e.those species first sampled) and then forms a plateau as the rarer, 
less numerous species are sampled. A completely sampled community would 
result in a curve that would fit a normal curve when plotted 
proportionally. 	 Curves which are bi-modal and multi-modal represent 
communities from environments which are heterogeneous, while different 
slopes and asymptotes represent samples from different communicates. 
Results of these species accumulation curves reinforce and 
expand the earlier findings that slightly more species were observed in 
the outer bird sampling band than in the inner bands. Where map groups 
were relatively large (i.e. more numerous) and homogeneous, groups of 
sites tended to form an asymptote with fewer sites than did map groups 
which samnpled a diverse array of smaller environments. 
The 3 different mapping bases analysed (not including CLU 
groups) showed that land system groups appeared to be most adequately 
sampled, then NTP/300m2 map groups and finally the 300m2 systematic 
grids. It appears these latter two environmental mapping techniques did 
not achieve the same level of habitat definition and sampling of the bird 
communities as did land systems. The nature of the sampling designs and 
the dimensions of the environmental sampling units (as they relate to the 
underlying environmental variability) both appear responsible for the 
better result obtained by the land system groups. 
In general, the majority of map groups were undersampled because 
few of the map groups reached an asymptote. This occurred because the 
same numbers of sites were allocated to sample the environment and the 
bird assemblages alike. It indicates that the numbers of sites in most 
map groups were too few to sample the total bird communities. In order to 
measure this variability either the numbers of samples per map group or 
the amount of time spent sampling at each bird sampling site should be 
increased. 
Any attempt which seeks to establish what are sensible 
environmental stratifications for faunal surveys should include a 
comparison of environmental diversity with bird species diversity. 
MacArthur and MacArthur (1961) were the first to formalise this in their 
analysis of the relationship between increasing foliage height diversity 
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and bird species diversity. Application of a diversity index provides a 
valuable tool because it uses all the data which describes a bird 
community; 	 the numbers of species and the numbers of individuals per 
species, to calculate an integrated value. An index value may be thought 
of representing qualitative observations in much the same way as variance 
represents quantitative measurements. In addition numerical index values 
can be used as data in further statistical analyses designed to test the 
difference between sampling units. 
In this study mean index values were calculated for the 
different map groups in the various sampling bases. The results in 
Figures 51 to 54 support the previous findings in that the outer bird 
sampling bands are more diverse than the inner bands. Mean index values 
when plotted against map groups, ranked on the basis of the increasing 
content of structural complexity in the layers of the vegetation, exhibit 
a general positive relationship with the different sampling bases. Thus, 
these findings agree with the earlier work of MacArthur and MacArthur 
(1961). 
Some variations in diversity occurred between the map groups in 
the different sampling bases. There are a number of reasons why the index 
values and the corresponding results of the analyses of variance do not 
achieve unbiased results. Firstly, the environmental variability in the 
different map groups results in a wide disparity in index values for 
particular sites. 	 This occurs for example where a map unit contains 
diverse vegetation types (e.g. open forest and heathland). Secondly, the 
ranking of map groups may not correspond well with the mean index 
values. For example, the ranking of land systems 9 and 19 (in Figure 54) 
suggest they should have been reversed because of the relative difference 
in their index values. 	 But this is not consistent with the dominant 
vegetative cover types described by Gunn ed. (1985). Additional variation 
occurred where insufficient ground sites were sampled or where 
insufficient bird data prevented the sensible analysis of the 
relationships between map groups and bird species diversity. 	 This 
occurred in the 3 Figures illustrating the natural pattern sampling bases 
(Figures 52, 53 and 54). In each case, the same ground sites are analysed 
in the different map groups. 
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Relationships between the sampling bases  
Because one of the main objectives of this thesis was to assess the 
efficacy of the two environmental sampling bases as frameworks for 
sampling avifaunal communities it was necessary to attempt a cross 
comparison between the sampling bases. 
This evaluation would normally have been done by investigating 
the interaction or differences between sites shared between the two 
sampling bases. 	 However in this case, insufficient sites were taken 
(i.e. only 7 sites occurred in common between the two bases), consequently 
this prevented analysis of relationships between sites. Instead, the 
alternative method for testing the relative benefits of the two sampling 
bases was undertaken by using bird species data measured within the two 
sampling bases. Bird species data were chosen because these data showed 
no significant difference between the two sampling bases in terms of 
numbers of species measured, suggesting both bases sampled essentially the 
same environments. 	 The approach adopted for testing this was a 4-way 
contingency table analysis. 
The four sets of data used in this analysis included; the bird 
data, the two sampling bases, the environmental map groups for the two 
sampling bases and the two bird sampling bands. Before calculating any of 
the interactions in the contingency table two decisions involving 
preprocessing of the data sets were taken to reduce the complexities 
involved in interpreting the interactions in a 4-way contingency table 
analysis. 
The first decision involved classification of the list of 64 
bird species measured in both sampling bases, into 7 functionally derived 
species groups called guilds. This was done to reduce the difficulties of 
interpreting large numbers of zero counts for many species because they 
were not found equally in all environmental groups. A guild consists of a 
group of taxa (species) which share a common resource (Root 1967). Guilds 
were based on the type of food usually eaten and on the main foraging 
strategy used to collect it (Ford and Bell 1981). The seven guilds 
include plant material foragers, ground invertebrate foragers, tree-bark 
invertebrate foragers, foliage invertebrate foragers, nectar and 
invertebrate foragers, aerial invertebrate foragers and vertebrate and 
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invertebrate foragers. Table 12 presents the list of guilds and their 
component species. 	 The second decision involved the difference in the 
numbers of environmental map groups between the two sampling bases. These 
were standardised into 6 essentially parallel map groups (Table 13). 
It is important to note that the factors (i.e. data) in each of 
the three interactions analysed consist of occurrences of bird guilds 
tallied within the three other factors, sampling bases, environmental map 
groups and bird sampling bands. The results of the 4-way analysis show 
the main interactions are all significant at P<0.001 (Table 55). 
Interpretation of Table 55 was divided three 3-way interactions 
illustrated in Figures 55, 56 and 57. Examination of these figures showed 
together that there is considerable similarity between the two sampling 
bases. Some variation was detected between them in terms of differing 
numbers of bird guilds measured in the map groups and bird sampling bases 
(Figure 55). 	 These differences were attributed to some map groups 
sampling environments with a higher than expected proportion of sites 
containing more diverse assemblages of bird fauna (e.g. ground sites 
sampling a woodland or open forest when the map group described heathland 
or sedgeland). The effect of this is that heathland map groups recorded a 
more diverse bird fauna than expected. 
In addition, other types of variation were observed when a guild 
was not adequately represented (Figure 56). This occurred with three of 
the seven guilds, plant material foragers, tree-bark invertebrate foragers 
and vertebrate and invertebrate foragers. 	 This combined with their 
generally greater abundance in the outer sampling band suggests some 
difficulties in sampling those species close to the observer. 
Examination of the third 3-way interaction (Figure 57) shows a 
good degree of similarity between the sampling bases in terms of their 
component environmental map groups and bird guilds. While some variation 
in the proportion of guilds within each map group suggests some 
differences in their environmental components they nevertheless show no 
obvious disparities. From this it may be deduced that the two sampling 
bases are measuring essentially the same things. 
While these results show significant interactions between the 
two sampling bases (i.e. 300m2 systematic grids and NTP/300M2 natural 
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patterns) they do not compare the interaction between the original 
sampling bases, 300m2 systematic grids and complex land units. 	 Such a 
comparison using a 4-way contingency table analysis would be almost 
meaningless because of the obvious difference between the numbers of map 
groups (i.e. 14 CLU groups and only 7 300m2 systematic grid map groups). 
A solution to this problem would be to allocate approximately 90 samples 
to each sampling base (as was originally done) and an additional 90 sites 
common to both bases. Only in this way would it be possible to examine 
the relative efficiencies of the two sampling bases (i.e. one derived by 
measurement and classification of attributes in an appropriate grid size 
and one derived by delineation of natural patterns in air photos and 
classified in terms of attributes measured on the ground). 
Environmental Scale  
Environmental scale influences two important areas in sampling 
and classifying environment; they include the relative importance of 
environmental attributes and the relative numbers and dimensions of 
mapping or sampling units (i.e. groups). Since two different techniques 
were used in this study to map the environment it is useful to investigate 
their relative influences in regard to environmental attributes and the 
definition of map units, that is scale. 
One of the aims in adopting the apparently more objective 
analysis of investigating the variability of the data in the 6 grid sizes 
was that it should reveal an optimum grid size for the data in much the 
same way as Kershaw (1957) used it to derive the 'best' grid size for 
sampling plant populations. 
The extra complexity of multi-dimensional data was approached 
using two ordination techniques, PCA and PCO. The hope was that by using 
these methods one of the intermediate grid sizes would stand-out as that 
most closely matched by the variability on the environment. That is, it 
was considered that the range of the 6 different grid sizes was 
sufficiently different to allow one of the intermediate grid sizes to show 
a peak in the variance accounted for, thus showing a similar pattern to 
that illustrated by Kershaw. 	 This hope was not realized 
(Figures 13 and 14); rather there was no obvious difference observed 
between the intermediate grid sizes (200m2, 300m2, 400m2 and 500m2), but 
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an obvious difference was observed between these and the smallest (100m2) 
and the largest (1000m2) grid sizes. 
Two assumptions underpinned the use of ordination as a technique 
for determining the optimum objective sampling unit. The first was that 
the separate grid size data sets each comprised a total population, in the 
same sense that Kershaw (1957) used it, and the second, that the 
resolution of the attributes was different between the different grid 
sizes. That no obvious answer came from among the intermediate grid sizes 
may suggest that the study area did not contain the total population, i.e. 
it may only contain part or parts of a continuously varying system. As 
well, the resolution of the data may not have been sufficiently different 
between the intermediate grid cell sizes to detect a measurable difference 
between them. 
The ultimate selection of the 300m2 grid, as the most 
appropriate grid size, was made only after additional criteria were 
imposed. These included loss of information relative to the diversity of 
environments recognized in the complex land unit map of the same area and 
the cost incurred in coding up data for different grid sizes (Table 15). 
The difference between the method used here to select the 
optimum grid size and that used by Kershaw (1957) is that in this study 
data were not blocked or amalgamated into successively larger grid sizes 
but were measured separately into the 6 different grid sizes and then 
analyzed as a whole. In principle they should have yielded very similar 
results. Clearly, however, it is desirable to analyze the data for the 
100m2 grids in the same way as Kershaw (1957) to test the strength of this 
association. The approach of blocking small grid sizes into successively 
larger ones was not employed at the outset because it was considered that 
the same data measured into different grid sizes differs because as the 
area of a grid size increases so does the information contained within 
it. Kershaw's method of doubling does not take this extra information 
into account. This represents the difference between measuring separate 
components in small grids (i.e. large scale) and measuring the pattern of 
many components in large grids (i.e. small scale). This transition from 
component to pattern while essentially measuring the same environmental 
attributes introduces more information which Myers et al (1984) describe 
as emergent variables. 	 Failure to take this into account led Jeffers 
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(1979) to conclude there was a poor relationship between data measured at 
a larger scale and then blocked compared to that measured at a smaller 
scale. 
The systematic grid sampling base represents a bottom-up 
approach to classification. Attributes are used without any presumptions 
of their importance, but they are utilised because they are known, thought 
to be, or may be useful. It is only after collection and analysis of the 
data that the relative importance of attributes is revealed. 	 In this 
study vector loadings from the principal components analyses of the 6 
difference grid sizes were examined (Tables 16 to 20) for this purpose. 
The results of these tables clearly show that in different grid 
sizes (i.e.scales) some attributes are more important in particular grid 
sizes, while some attributes are equally important across all scales. For 
example, the numbers of vegetation types in the smaller and the largest 
grid sizes (i.e. 100m2, 200m2 and 1000m2 grids respectively) were fewer 
than in the intermediate grid sizes (300m2, 400m2 and 500m2 grids) which 
together showed no obvious differences. The difference in the smaller 
grids is probably a realistic measure of the actual number of vegetation 
types present, but in the largest grid size this probably reflects either 
the coarser variable measures used or the greatly reduced dimensionality 
of the data set or a combination of both effects. 
Coarser variable measures in the largest grid illustrate the 
difficulty in choosing a technique for sampling the environment from maps 
and air photos which measures equally the attributes in the different grid 
sizes. In smaller grid cells the variety of attributes is necessarily 
fewer than in larger grid cells. The technique used for sampling in this 
study used an overlay consisting of 5 segments (Figure 7), thus limiting 
the number of attributes to 5 in any cell because only the dominant 
attributes were measured. This arbitrary constraint means that minor 
attributes (i.e. with small relative area) are discarded. The effect of 
this appears to be that the smaller grid sizes measure all attributes 
equally while the larger grid cells measure only the 5 dominant 
attributes. 
Examination of the vector loadings for all grid sizes show a 
clear differentiation between attributes. 	 In the first vector, terrain 
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and vegetation contribute most to the variance. Two main contrasts were 
observed, gentle against steep terrain, and wet heath, sedgeland and dry 
heath against open forest and rain forest. In the second vector the main 
contrast was dry heat and open woodland against woodland. 	 Apart from 
these major contrasts in the vegetation of the first two vectors,the 
importance of attributes in the latter four vectors was more subtle. In 
these vectors there was a shift toward contrasts which explained the 
differences between the heathland types and sedgeland, indicating these 
vegetation types are separated by attributes other than those of terrain. 
Clearly the choice of an appropriate grid size to describe the 
inherent variability of the environment is an important though poorly 
understood area of sampling environment. Numerous studies describing the 
use of grid cells for sampling environment and faunal assemblages were 
reviewed in Section II. 	 In the majority of these cases, grid size 
selection was based primarily on pragmatism and convenience. The results 
of this project and others which have attempted to determine the 
appropriate grid size as a function of the underlying variability of the 
environment, show that even carefully planned statistical approaches can 
lead to problems in designing an efficient and practical sampling 
design. 	 For example, selection of a small area grid cell will, when 
sampled, match more closely a ground site sample than a site which samples 
a much larger grid cell. But too small a grid cell leads to a large data 
set and higher costs in collecting and analysing data for large areas. 
Too large a grid cell size leads to problems of allocating sufficient 
samples in order to measure the inherent variability, although the data 
set is smaller and less costly to collect and analyse. While this study 
has partly focussed on the problems of sampling and classification of data 
in grid cells, it clearly shows that solutions based on pragmatism and 
convenience are less desirable than those based on a preliminary or pilot 
analysis of the problem. 
By comparison, the natural (landscape) pattern technique for 
mapping the environment represents a top-down approach. 	 It seeks to 
delineate patterns (mapping units) in air photos and then describe these 
in terms of key integrated attributes. Scale is largely determined by the 
scale of the aerial photography. In this study two mapping scales were 
available for the study area. At the smaller scale (1:50,000), air photos 
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were interpreted and mapping units were delineated; these were described 
as land systems (Gunn 1985). At the larger scale (1:27,000), air photos 
were similarly interpreted and the map units were classified as complex 
land units. The difference between the two mapping scales is that land 
systems contain a mosaic or a pattern of land units which are too small to 
be mapped at that scale. The dimensions of the land system map units are 
those usually larger than land units. Larger scale air photos allow more 
information to be extracted for the same area than smaller scale air 
photos. 	 This difference has important implications when planning a 
sampling design for both sets of map units. 
In natural patterns the importance of attributes is equal, and 
are integrated at larger scales. But as the scale of air photos becomes 
smaller and the study area is increased, some attributes are used as 
primary discriminators of regions over others. In this case, the area of 
the original study, the Tianjara Defence Training Area, was not 
sufficiently large for attributes to be used as primary and secondary 
discriminators. However, workers who have mapped much larger areas at 
smaller scales then those used in this study have adopted a hierarchical 
approach to the importance of attributes (Laut et al 1977, and Gunn and 
Nix 1977). In those studies and others, scales smaller than 1:250,000 
often use climate as the first or primary discriminating attibute for 
delineating large regions. At scales between 1:100,000 and 1:250,000 
(i.e. smaller survey areas), geomorphology and geology are used as the 
main discriminating attributes. At larger scales (i.e. relatively small 
survey areas), topography, geology, soil, vegetation and micro-climate are 
usually mapped. At such scales single themes become very important. 
The relationships between the two sampling bases to attributes 
and environmental scales are several. 	 Sequentially larger grid sizes, 
which allow for the elucidation of emergent variables, relate to 
environmental scale in much the same way as different scale air photos 
relate to the definition of different mapping units in natural patterns. 
Whether environmental scale is derived by systematic grids or natural 
patterns they both share the similar functions of being able to map 
environmental variability and describe this variability in a similar 
manner at different scales. 
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Sampling designs and their appropriateness  
The following section discusses the appropriateness of the 
designs used to sample the two sampling bases. 	 Two problems are 
addressed; how should we determine the necessary numbers of samples in 
each map group, and how should those samples be efficiently allocated. The 
solution to the first of these problems must rest on pragmatic grounds of 
how many sites can feasibly be sampled given a set limit of time and 
resources. The second problem should be tested in relation to an objective 
criteron derived either from the variability of the map data themselves or 
from an independent attribute measured within each of the strata. 
Two sampling designs were used to sample the two sampling bases, 
and a third design was used to provide a check on the efficiency of the 
first two designs. The first design, stratified systematic 
(representative) sampling, involved the systematic allocation of a quota 
of samples to predefined strata or map groups. 	 The more numerous a 
particular map group, the more samples it received. This design was used 
to sample the natural pattern sampling bases, complex land unit groups and 
NTP/300m2 map groups. The second design, centric systematic sampling 
(Milne 1959) involved the systematic allocation of a single sample to the 
centre of each grid cell. 	 This design was used to sample the 300m2  
systematic grids. The third, stratified random sampling, involving the 
random allocation of samples to different strata derived from multivariate 
classification, was not employed in actual ground sampling but was used 
later to test how many samples would have been optimally allocated to the 
different map groups. 	 In this design two cost options, 'equal' and 
'weighted', were calculated for the different map groups. Equal cost was 
determined as a function of the statistical variability of the map data, 
while weighted cost was determined as a function of the statistical 
variability and the relative difficulty of access. In other words, the 
proportion of samples allocated per stratum was a trade-off between 
statistical variability (more samples needed) and the difficulty of access 
(too costly). 
The first two designs were employed to sample natural patterns 
and systematic grids respectively. 	 In the third design, equal cost, 
stratifed random sampling represents the 'best' statistical option for 
sampling environment and faunal assemblages alike, as well as providing a 
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check on the efficiency of the other two sample designs. In addition, the 
weighted cost in the third design was imposed as a constraint on the 
allocation of representative samples to the different complex land unit 
groups and NTP/300m2 map groups. The third design, stratified random 
sampling, was not used to allocate samples for field work because of 
practical cost limitations at the time of the field work. 
Sampling systematic grids: 	 a comparison of centric systematic and 
stratified random sampling designs. 
Centric systematic sampling was used as the primary design for 
sampling the 300m2 systematic grids. An additional 11 samples were 
allocated within several of the larger map strata using the stratified 
systematic design. 	 Centric systematic sampling was chosen because it 
represents an objective, total area allocation of samples. Milne (1959) 
has shown that, provided sufficient samples are taken, this design yields 
results equivalent to random sampling. The six map groups used in this 
analysis were those derived from the non-hierarchical classification of.  
PCA scores in Section V, 1.3 (see Figure 18). 
As a check on how well the centric systematic design represented 
the diversity of environments present, the variability of each stratum was 
calculated to determine the required number of samples necessary to 
measure it. Table 56 presents the actual numbers of samples (column a) 
allocated using centric systematic and stratified systematic designs, 
along with the numbers of samples calculated to achieve the optimum 
allocation of samples using the equal cost stratified random design 
(column b). Examination of this table reveals there is little agreement 
between the two sets of samples. 
Centric systematic sampling on the whole appears to have either 
oversampled or undersampled the various strata. This suggests that 
considerable variation occurs within the strata, and indicates that the 
grid-cell size of 300m2 was still not optimal in terms of adequately 
measuring the variability of the environment. Because of the contiguous 
nature of a centric systematic design, map groups which contain only 
limited members and which are internally diverse were undersampled, while 
more numerous, relatively homogeneous map groups were oversampled. This 
situation occurs when either the centric systematic (78 samples) or the 
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Map 
(a) 
Actual numbers of 
samples 
(b) 
Equal cost Sampling Effort 
groups (1) (ii) stratified 
or centric stratified random a(i) - b(i) a(i) - 	 + ii) 
strata systematic systematic (i) 	 (ii) 
A 0 7 	 1 -5 -6 
B 18 0 8 	 1 +10 +9 
C 5 1 19 	 4 -14 -17 
D 30 6 17 	 2 +13 +16 
E 9 0 10 	 1 -1 -2 
F 14 4 17 	 2 -3 -1 
Ambers of 78 11 78 	 + 	 11 78 89 
samples 89 89 samples samples 
NB: - = undersampling, + = oversampling 
Table 56 Numbers of samples allocated to sample the 300m2 systematic grid 
using two sampling designs and two sets of samples (78 and 89 
samples). Centric systematic sampling (a)(i) is tabulated with 
stratified random sampling (b) for 78 samples, as is the centric 
systematic plus stratified systematic (a)(ii) tabulated with the 
stratified random sampling (b) for 89 samples. 
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centric systematic plus the stratified systematic designs (89 samples) are 
compared with the allocation of samples determined using the equal cost, 
stratified random design. For example, map groups A and C appear to be 
undersampled, B and D appear oversampled, and map groups E and F appear 
equitably sampled. These findings therefore suggest that map groups A and 
C are more heterogeneous and thus require more samples per stratum. The 
converse applies to map groups B and D, while E and F contain relatively 
uniform environments. 
These findings therefore suggest that diverse 300m2 systematic 
grid map groups are not adequately sampled by centric systematic or 
centric systematic plus stratified systematic sampling designs. 	 By 
default both these designs give emphasis to map groups which are more 
numerous. Compared to the equal cost allocation in Table 56 the majority 
of map groups require either more or fewer samples than were allocated 
using either of the above two designs depending on the internal 
variability of the map groups. 
Sampling natural patterns: 	 a comparison of stratified systematic 
(representative) and stratified random sampling designs. 
Because stratified systematic sampling allocates more samples to 
larger strata, this design is based on the assumption that larger strata 
are more variable than smaller strata. One problem, however, is how to 
test whether the strata have been adequately sampled. 
In traditional natural landscape or biophysical surveys no 
measure of the statistical variability within strata is available because 
of the extra cost in sampling adequately. Since complex land unit groups 
are a representative example of such surveys it is therefore necessary to 
determine or infer their contained variability from existing attributes or 
classes of attributes. This was done by inferring post-a-priori from the 
variability calculated from the NTP/300m2 map groups, because both data 
sets shared the same sites. 
Sampling the complex land unit groups and NTP/300m2 map groups 
involved the use of the stratified systematic design. The efficiency of 
this design was tested by using the two cost options mentioned above, 
equal and weighted. The equal cost option calculated the proportion of 
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samples necessary to meet the variability of the strata, while the 
weighted cost option took into account the variability of the strata in 
addition to emphasising the more inaccessible strata. 
The numbers of samples calculated for the CLU groups, for the 
two cost options are presented in Table 57. Some of the larger CLU groups 
in Table 57 (columns a, b and c) (e.g. 7, 10, 37, 49 and 61) appear 
undersampled, apparently because of their greater variability. Other CLU 
groups, which are relatively small, (e.g. 19, 22 25 and 41) appear 
oversampled suggesting their internal heterogeneity is comparatively low 
or more homogeneous. 
Traditional biophysical or reconnaissance survey information 
provides an integrated synopsis of the type and distribution of various 
primary and secondary environmental attributes, at a level of detail 
necessarily descriptive in order to keep the costs low. Information from 
such surveys about the internal variability of mapped strata if required 
must be collected. Based on the above findings it is suggested that the 
area of the stratum need not be considered in the calculation of numbers 
of samples. The reason for this is that area of a stratum does not yield 
a sensible sampling alternative because it was not correlated with 
environmental variability. 	 The numbers of samples calculated for the 
NTP/300m2 map groups are presented in Table 58. Samples allocated to the 
NTP/300m2 map groups were at the same sites as those used in CLU groups. 
The same two costing options, equal and weighted costs, used to assess the 
efficiency of the CLU groups were also employed to check the sampling 
efficiency of the NTP/300m2 map groups. 
Examination of the numbers of samples in Table 58 show that more 
samples tend to be allocated to larger strata under a weighted than an 
equal cost option. This emphasis upon the size of the strata biases the 
sampling effort accordingly. For example, comparison of actual numbers of 
samples (column a) with those of the equal and weighted cost options 
(columns b and c) reveals that two map groups (1 and 4) were undersampled, 
probably because of their smaller size or because of their internal 
variability. 	 Likewise, two map groups (2 and 5) appear oversampled 
because both cost options calculated fewer samples than was actually 
sampled. Based only on the equal cost option some small map groups (4 and 
6) were undersampled because of their internal variability, while some 
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(a) 
Actual 
Numbers of 
(b) 
'Equal' 
Numbers of 
(c) 
'Utig4ted' 
Numbers of 
Complex Area of sanTles = saltles = samlies = 
Land Unit each variability variability 
(CLU) 
Groups 
(LU 
stratified 
systematic 
sampling 
x (a) x (a) 
7 8.2 3 3.2 3.5 
10 13.4 3 3.2 3.5 
19 5.1 3 2.7 2.7 
22 5.5 3 2.7 2.7 
25 7.5 3 2.7 2.7 
35 64.9 8 7.7 8.2 
37 5.2 3 3.2 3.5 
38 3.7 3 3.9 1.8 
41 18.9 3 2.5 2.4 
42 151.3 17 17.9 16.4 
46 128.5 11 9.5 9.5 
49 26.3 5 5.2 5.6 
51 324.6 25 24.8 26.7 
61 23.8 5 5.3 5.8 
Totals 95 95 95 
Table  57 Numbers of samples allocated to sample complex land unit groups 
using three different sampling designs; stratified systematic and 
equal and weighted stratified random sampling. 
281 
larger map groups (2, 3 and 5), which are apparently homogeneous, were 
oversampled. 
Given these findings, for both natural pattern sampling bases, 
the equal cost option rather than the weighted option appears to yield a 
more suitable alternative by which to check the success of the stratified 
systematic or area proportional sampling design. It alone emphasises the 
strata variability while the weighted option emphasises strata variability 
and inaccessibility of the strata. However, the value of the weighted 
option should not be overlooked because if it is available at the time of 
sampling a prior-mapped area, it would greatly enhance the efficiency of 
allocating samples given the usual limit of time and resources. 
The above discussion indicates that a stratified random sampling 
design is preferable to either a centric systematic or a stratified 
systematic or a combination of both of these designs, for the mapping 
bases examined. The deficiency in the latter designs was they emphasised 
area which was not necessarily correlated with the internal variability of 
the mapped strata. While the consequence of not adopting a stratified 
random design was that map strata were generally either under or 
oversampled, it can be concluded that the initial field sampling designs 
were useful as guides to allocating samples. Ideally samples should be 
allocated to each mapped stratum in proportion to the within stratum 
variance, rather than size, as was the case with the centric systematic 
and stratified systematic (representative) designs. 
The general implications from this evaluation of the 
appropriateness of sampling designs are that landscapes which show a rapid 
change in environmental types over a short spatial interval can either be 
represented by many environmental groups with small within stratum 
variance or a few large map groups with high within stratum variance. The 
appropriateness of sampling designs in this context is therefore important 
because fewer samples are required to measure this variability in less 
diverse map groups than in diverse map units. The relative size of map 
groups provides less information to achieve this than does within stratum 
variance. 
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(a) 	 (b) 
Actual Numbers = 	 'Equal' Numbers 	 %bighted' Numbers 
NIP/300m2 	 stratified 	 of samples = 	 of samples = 
nap groups 
	
systematic 	 variability 	 cost 
sampling 	 x 	 (a) 	 + variability x (a) 
1 26 27.4 28.7 
2 10 9.6 9 
3 35 33.8 37.3 
4 4 5.2 4.5 
5 17 14.2 13.7 
6 3 3.9 1.8 
95 95 95 
Table 58 Numbers of samples allocated to sample NTP/300m2 map groups using 
three different sampling designs; stratified systematic and equal 
and weighted stratified random sampling. 
283 
VIII 	 CONCLUSION 
Sufficient work has now been done in the areas of mapping 
environment and habitat for surveying faunal communities to enable us to 
review the general ecological literature, instead of continuing to focuss 
in greater detail on the specific processes of a few species and their 
specific habitat requirements. 	 If a concept of mapping environment for 
faunal survey is to be accepted in the spheres of species conservation and 
natural area land management, then the continued criticism that habitat or 
environmental classification is an artifact of analysis and of the 
observer needs to be answered. 
In this study it has been assumed that the major concern of 
authorities dealing with the conservation of fauna is with the 
conservation of their natural habitats. This assumption stems from the 
proposition that the activity of faunal conservation cannot be divorced 
from the habitat requirements or the environment of the fauna. On this 
premise, the criteria used to delineate environments had to be those which 
control the development of the landscape, and which give the landscape or 
environment its distinguishing character. In addition, these criteria had 
to relate to measurement of attributes of animal niches. 
In practice there is no one correct method for classifying 
environment for describing the habitat of fauna. However, the general 
principle to emerge from this and other studies is that even though 
environment may be complex, it can be measured in terms of the kinds of 
things that affect the ability of organisms to survive and reproduce. 
The two sampling bases investigated for describing the 
environment for fauna contain the feeling for and notion of environment 
from the perspective of the animals using them. The difference between 
them is that the systematic grids represent a bottom-up approach 
(Rowe 1981) which seeks to classify the environment into homogeneous 
regions in terms of fundamental attributes which are known to be closely 
correlated with biological diversity or production. 	 Attributes are 
rigorously measured into a regular contiguous series of mapping units. 
These data are then classified to produce environmental regions. 	 The 
natural pattern approach by comparison is an example of a top-down 
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approach (Rowe 1981) which is an expression of the total complex of 
surface or near surface patterns. At the outset this study has attempted 
to derive and test sampling scales which are sensitive to changes in 
environmental complexity. The results have shown that it is possible to 
detect and describe those environmental limits which influence the 
distribution and abundance of fauna. In practice, the scale of mapping, 
and therefore of sampling, is determined usually by factors other than 
those which form distributional limits of fauna. 	 Rather, scale of 
sampling is determined by the size of the survey area, the time and 
resources available and the purpose for which the data will be used. The 
results of the study show that the size (i.e., scale) of the sampling unit 
obviously effects the association between the mapped environment and 
environmental attributes and bird species measured on the ground. Where 
large scale mapping is undertaken (e.g. 100m2 or 200m2 grid cells or 
complex land units) these more closely represent what occurs on the 
ground. 	 But at smaller scales, mapping units tend to be larger and 
attributes tend to be measured either as dominants or are primary 
discrimators (eg., 1000m2 grid cells or land systems). 
Systematic grids were used as the more objective, statistical 
approach to determine the appropriate environmental scale, but this did 
not provide a clear cut grid size. That the 100m2 and 1000m2 grid size 
were inappropriate was obvious, but the lack of significant differences 
between the intermediate grid sizes means that more research effort is 
needed in the area of appropriate grid size selection. It was only after 
two additional criteria were included related to what was practical and 
feasible (loss of information and cost of capturing the data), was it 
possible to select a suitable grid size. Ultimately the selection of the 
300m2 grid size rested on the knowledge that it yielded a reasonable 
representation of environmental diversity achieved at reasonable cost. 
Only one result indicated that the mapping scale of 300m2 grids 
was not quite optimal. This occurred in the biplot and correspondence 
analyses, where it was shown that the map groups were not as closely 
related to unique assemblages of bird species as was observed in the 
natural patterns (i.e., complex land units and land systems). 
Nevertheless, in other analyses it was shown that the 300m2 grid provided 
a reasonable level of detail. 
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It can therefore be concluded that either of the two techniques 
for classifying the environment for sampling fauna produce results which 
reflect sensible relationships between bird assemblages and their 
habitats. 
	
Where sampling units were relatively large and diverse and 
ground site samples were few, the strength of this association was less 
obvious. 
Several advantages and disadvantages for each approach are 
listed below providing a brief summary of the main findings. 
Systematic Grids  
Advantages: 
i) Data capture encourages a systematic and rigorous 
characterisation of attributes into fixed resolution mapping 
units. 
ii) Large data sets can be readily scanned using a computer to 
discover data errors or particular cells which have desired 
environmental characteristics. 
iii) Data can be rapidly analyzed and reanalyzed in any way without 
biasing the original data. 
iv) Once the data are classified into environmental groups, these can 
be examined to calculate the estimated number of samples required 
to meet the variability of each stratum. 
Disadvantages: 
i) Considerable time and effort needs to be invested in the capture 
and storage of data. 	 Where these data sets are very large, 
considerable time on a computer is required before any idea of 
data structure can be examined. 
ii) A computer is essential for large areas, which may preclude its 
application in many areas outside those of public institutions. 
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iii) Where thematic maps of required attributes are not available, 
they must be either drawn up before capture or derived from other 
known data. 
iv) Selection of the mapping units (i.e. grid size) should not be 
undertaken without preliminary investigation to establish bias. 
v) Data cannot be extrapolated to areas outside the region where no 
data have been captured. 
vi) Access to statistical and mathematical expertise is a pre-
requisite to classifying large, mixed data sets. 
Natural (Landscape) Patterns  
Advantages: 
i) Air photos are usually readily available for most areas and in 
some locations they include a number of scales and special image 
features. 
ii) Minimal training and time is required to establish environmental 
mapping units. 	 Data required to describe the map units are 
obtained from a representative site in each stratum. 
iii) Air photos can be used as base maps for field sampling. 
iv) Data sampled for a few sites can be readily extrapolated to 
similar patterns in the air photos which have not been sampled. 
v) Use of, or access to, a computer is not obligatory for data 
analysis or storage. 
Disadvantages: 
i) 	 Because only representative sites are used to sample mapping 
units there is no measure of the variability within the strata 
which would assist sample allocation. 
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ii) At smaller scales the elements of patterns are described only and 
not mapped. This means one has to go back to the original air 
photos to locate features of interest. 
iii) Because regions are mapped first as integrated patterns in air 
photos and then described in terms of attributes measured on the 
ground, it is not possible to produce accurate maps of themes 
found across map units. Attributes are inextricably bound up in 
the integrated map units. 
In faunal survey the principal aim is to give a general 
description of the relationship between fauna and its environment as 
accurately as possible. When considering the criteria relevant for any 
procedure which evaluates habitat, the following should be considered: 
are the variables easily recognizable and measured? and are these 
variables ecologically meaningful to the organisms being investigated? A 
further criterion is, are the variables collected time-effective in terms 
of the effort expended to collect them and the information gained as a 
result? Project objectives should to a large extent determine the most 
appropriate route to be taken in surveying fauna. 	 Several decisions 
relating to scale, available resources, expected costs and the desired 
level of detail of biological complexity must be made at the outset. 
Increasingly workers are being given less resources to conduct 
purely field based studies into the regional relationships between 
environment and fauna. 	 As a result of this increasing accountability 
there has been a corresponding shift by workers toward methods which have 
a minimal data set and which can be used for predictive purposes. A 
sampling base which has a predictive capability that can use results 
gathered from representative sites is most desirable because these results 
can be extrapolated to larger areas which have been mapped but not 
sampled. This study has shown that both levels of mapping environment, 
environmental map groups and ground site groups, are strongly related. It 
shows there are significant benefits to be gained by choosing a mapping 
scale which is appropriate to either the natural spatial patterns of the 
landscape or is matched to a grid size which measures environmental 
variability properly. Ground site data for both environment and fauna 
were also shown to match reasonably well the map data in which they were 
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sampled. Some deficiencies need to be addressed in the area of sampling 
design, especially the need to consider the variability of the map groups 
rather than the proportional area of the map groups. 
While this study has shown that a complex list of avifaunal 
species data can be profitably reduced or summarized in terms of 
functional guilds, there still remains much doubt as to whether these are 
reproducable and recognisable across different environments, at different 
times of the year or even between different workers. This suggests that 
some effort should go into standardising the criteria for deriving guilds 
and in recommending useful applications. Also some effort should be spent 
in discovering whether indicator species are real or artificial as they 
appear to provide a most useful summary descriptor of a species 
assemblage. 
Some problems were also encountered with a number of ground 
sites with very low bird species numbers and numbers of individuals. 
Because this was usually associated with sampling heathlands and 
sedgelands this would suggest that greater care needs to be taken in 
planning the sampling of such structurally simple habitats to avoid 
sampling in very windy conditions and later morning censusses. This can 
bias the results of analyses which rely on species individual or count 
data (e.g. species diversity indices). 
If the study were to be repeated or continued, several 
procedures should be followed to avoid unnecessary variability and 
increase efficiency. 
1. Allocate more sites to both sampling bases to provide a common 
bank of sites common to both thus giving access to normal 
statistical routines which compare attributes of sites. 
2. Analyse vegetation data for ground sites to provide a value to 
summarize the diversity of the various strata. 
3. Amalgamate (or block up) environmental data for the 100m2 grid 
cells to investigate whether the variance peaks at a larger grid 
size. 
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4. Investigate the use of an alternative classification procedure 
for classifying environmental data (eg. one which elucidates some 
of the variability in heathland and sedgeland environments). 
5. Sample the environmental map units using proportional variability 
sample allocation (i.e. the more diverse, the more samples). 
6. Evaluate whether the avifaunal results for complex land units can 
be extrapolated into land systems in the same sampled area and in 
areas which have not been sampled. 
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APPENDIX I 
REVIEW OF NUMERICAL METHODS USED IN THIS STUDY 
a) 	 Types of pattern analysis 
The objectivity of techniques of numerical pattern analysis is 
based on the fact that identical results can be generated repeatedly from 
the same data. 
	 While this may be true, several subjective steps are 
entailed; which method is appropriate, what variables and their 'states' 
are relevant, and what is a sensible and careful interpretation of the 
results? 
The traditional approach taken by plant ecologists is either an 
ordination or classificatory model. 
	 Lambert and Dale (1964) reviewed 
these methods and showed that most workers now accept these strategies as 
complementary. 	 Goodall (1963) states that an initial ordination may 
elucidate the degree of information loss and, in conjunction with 
practical considerations, indicate whether a subsequent classification is 
necessary. 	 In this study the combination of ordination and 
classifications aided in the development and interpretation of the results 
illustrating complementary facets of the data. 
European biologists in the 1920's were the first to employ 
ordinations (see Sobolev and Utchkin, 1978 for review) and by the 1950's 
Western biologists had adopted the method (Goodall 1961; Bray and Curtis 
1957). 	 Originally ordinations were developed to either arrange data 
relative to species (or sites) or to arrange sites along abstracted axes 
representing environmental gradients in the data (Noy-Meir and Whittaker, 
1978). 	 More recently ordination encompasses any multivariate technique 
that arranges entities along axes, independent of their interpretation. 
Ordination techniques aim to reduce the dimensionality of the data while 
retaining maximum information on inter-entry relationships (Anderson, 
1971). Some techniques ignore data redundancy, however, any by ordering 
of the data matrix into a specified form, specify a minimum spanning tree 
that links entities using the shortest distance between them (Anderberg 
1973). 
Classification is a procedure whereby entities are assigned to 
groups in a manner that elucidates the closest similarities between them 
(Pimental 1979; 
	 133). The capacity to categorise objects is readily 
linked with human modes of thought. 
	 It is not surprising then that 
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biologists have traditionally employed classificatory approaches rather 
than ordination techniques in the search for data patterns (see Whittaker, 
1978 for a comprehensive review). 	 Intuitively, classification involves 
maximizing similarities within classes while maximizing the differences 
between them. 	 Numerous authors have recognized inadequacies in the 
definition of the use of classification and have defined the process 
differently resulting in an array of different approaches and definitions 
(for example see Williams and Dale 1965; Silvestri and Hill 1964; and 
Orloci 1975). 
Methods for judging the success of a general purpose 
classification are difficult to define because of the large diversity of 
coefficient measures and sorting strategies. 	 Silvestri and Hill (1964) 
recognise this problem and suggest three criteria for this purpose; 
objectivity, stability and predictive ability (see also Anderberg 1973; 
202). 	 Anderberg (1973; 	 11) also suggests guidelines for choosing 
attributes and their measurement as prerequisites for obtaining adequate 
classifications. 
The limitations of pattern analysis techniques like other 
analytical techniques, must be assessed when considering an appropriate 
model and in subsequently interpreting the results. 	 Pattern analysis 
strategies are descriptive rather than explanatory, because they generate 
rather than test hypotheses. Dale (1982) points out to the users of such 
techniques that the analyst must be aware of their exploratory nature. 
Employment of pattern analysis strategies necessitates that certain 
features of the data in question be acknowledged; given the properties of 
the analytical method, what is the 'best' representation of the data 
(Dale, 1982). 	 Therefore, the analyst must be prepared to investigate 
whether the output from a particular method represents the predeliction of 
the method rather than identifying the intrinsic biological properties of 
the data. 	 A second limitation of pattern analysis techniques is the 
problem of choosing which is the 'best' technique from a number of 
alternatives, when there are no significance levels arising from the 
analyses. In addition, no one method is preferable under all conditions 
or circumstances. Dale (1982) cautions the analyst in their application 
of such techniques because the result will tend to exhibit considerable 
influence of the researchers interpretation of the results. 
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The major limitation of many ordination techniques is their 
deviation from models which imply that attribute distributions are 
monotonic, independent from one another, and a linear function of causal 
factors (Whittaker 1978). Various characteristics of ecological data can 
make these assumptions untenable and may create numerous difficulties. 
Pimental (1979; 
	 143) addresses this likelihood under six points. A 
second important limitation of ordination is the lack of any acceptable 
general test of significance (Austin and Greig-Smith 1968). The solution 
must rest with the analyst who examines the eigen values, with those axes 
associated with low values being rejected as unimportant. 
Three limitations of classification techniques may be 
recognized. The first is that once an entity has been placed in a group, 
the true similarity between individuals comprising a particular group is 
masked. Second is the problem of choosing which is the 'best' similarity 
measure and strategy for sorting entities. Third is the problem of how 
many groups should be recognized. 
	 This should ideally be solved by 
relying on the statistical character of different group levels, which is 
not possible with all cluster techniques. 
b) 	 Similarity and distance measures 
The first stage in many methods of cluster analysis is the 
conversion of the individual by attribute (n x p) matrix of data, into an 
individual by individual (n x n) matrix of interindividual similarities or 
dissimilarities (Maxwell 1977). High similarity values indicate that the 
two individuals are alike with respect of attributes describing them, 
whilst high dissimilarity indicates the opposite. Values for both 
measures generally take values between 0 and 1, whilst dissimilarity 
values may take any positive value (Maxwell 1977). 
	 A fundamental 
difference between similarity and dissimilarity measures is that the 
latter must satisfy the metric inequality, in which case they are termed 
distance measures (Anderberg 1973). Commonly used similarity coefficients 
are the product moment correlation co-efficient and the simple matching 
co-efficient for binary data (Anderberg 1973). 
	 The best known of the 
distance measures is Euclidean. 
Most measures of similarity and dissimilarity are symmetric in 
nature; 	 however, due to the problems of skewed species distributions, 
biological data may distort the results. As a consequence, an asymmetric 
306 
measure of dissimilarity has been proposed (Austin and Belbin 1982). 
Austin and Belbin propose the algorithm TWO-STEP which uses rows of the 
dissimilarity matrix to form a second symmetric dissimilarity matrix. 
c) 	 Ordination 
The interpretive advantages of the components of PCA have been 
described by Pimental (1979; 
	 55) who listed five properties, which 
include: 
i) The component scores of the data set are 
uncorrelated with one another so each component can 
be interpreted independently. 
ii) The components are ordered in terms of the 
magnitude of the variances, the first component 
accounting for the largest variance. 	 As a 
corollary, successive decreasing variation can be 
examined in respective components. 
iii) Components partition the total variance into 
additive fractions that sum to give the total 
variance. 
iv) The first component is that linear combination 
which best discriminates between individuals of a 
sample. 
	
This property is applied when graphing 
component scores. 
v) The first component defines the best representation 
of the data in 'n' dimensional space. This is 
important because it apportions the participation 
of the most important or discriminatory variables 
to the first few axes. 
The output of the PCA programs in GENSTAT and 'S' package 
consist of a correlation matrix, variance accounted for by each successive 
axis, coordinates for each site in 'n' dimensional space, as well as 
vector loadings. Optionally, three two-dimensional scattergrams of the 
first three ordination axes can also be plotted. 
PCO, unlike PCA, utilises a dissimilarity matrix which may be 
derived from most similarity measures including non-Euclidean or, after 
transformation, other non-metric measures (Noy-Meir and Whittaker 1978). 
PCO operates directly on th matrix of inter-individual distances. In the 
analyses the Gower Metric (Gower 1971) was chosen to calculate the 
similarity coefficients between entities. 
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The output of the GENSTAT PCO program consist of eiginvectors 
standardised so that the sum of the squares equals the corresponding 
eiginvalues. The eiginvalue corresponding to each eiginvector gives the 
level of linear variation explained by the eiginvector. 	 Using a 
'regression' approach, approximate F values can be derived to show the 
contribution of each variable to each of the vectors. Optionally, three 
two-dimensional scattergraus of the first three ordination axes can also 
be plotted. 
d) 	 Generalized Procrustes Rotation 
Given a pair of individual scales (coordinates) xl and x2 then 
the first may be rotated to best fit the second by the motions of 
translation, rotation, reflection and scaling. We define best fit as that 
which minimizes the least squares criterion: 
2 	 (1) 	 (2) M12
2 
= 	 x. 	 , xi 
 j=1 
where 	 A, B is the euclidean distance between points A and B. We can 
generalize this idea to consider M sets of coordinates where we are given 
m (n x p) matrices xi (i = 1, ..., m) with the jth row of xi  • giving the 
coordinatesofapointP.(i) 
 in Euclidean space. 
Rotation is achieved by post-multiplying xi by an orthogonal 
matrix Hi, while scaling is achieved by multiplying by a constant pi. We 
need to determine pi, Hi, (i = 1, 
	 m) so that the residual-sum-of- 
squares (RSS) is minimized. In an analysis of vari ance we then split up 
the 	 total sum-of-squares into within and between g roup components. The 
between-group is the contribution of the translation terms and the within-
group component splits into concensus and residual. 
Data for this analysis are provided according to two 
preconditions - the sites to be coincident between the data sets, and 
vectors be used to describe the data 
the relationships between the data 
four steps. 
sets. The procedure for elucidating 
sets is summarised in the following 
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i) Given a pair of individual multivariate data sets 
undertake a PCO on each data set (X1 and X2) to 
determine the dependence between their component 
dimensions; 
ii) Calculate the centroid (rather like a mean) 
configuration between X1 and X2; 
iii) Rotate, translate and scale each data set (X1 and 
X2) to minimise the residual sum of squares; 
iv) Undertake an analysis of variance in which we 
decompose the residual sum of squares into two 
components which are additive: 
a) Between sums of squares, that is, 
translation effects between different 
data sets, and 
b) Within sums of squares, that is, 
differences between data sets and 
between individuals. 
e) 	 Classification 
Algorithms are designed to cluster data units in a single 
classification of groups, which are either specified before the analysis 
or are determined as part of the method. Such algorithms commence with an 
initial point and then generate a sequence of moves from one point to 
another, each giving an improved value of the objective function, until a 
load optimum is found (Anderberg 1973; 156). Non-hierarchical techniques 
have the advantage over hierarchical techniques because it is not 
necessary to calculate and store any similarity matrix. 
Hierarchical clustering methods use a similarity or distance 
matrix describing the strength of all pairwise relationships among the 
individuals or variables in the data set. Such methods operate on this 
matrix to construct a dendrogram or tree depicting specified relationships 
among the entities. Hierarchical clustering methods which build a tree 
from the branches to the root are often called agglomerative methods, 
while those that operate inversely, from the root to branches, are called 
divisive (Anderberg 1973; 131). There exist a plethora of hierarchical 
cluster methods but all stem from three major concepts, that is, linkage 
methods, centroid methods and, error sum of squares or variance methods 
(Anderberg 1973; 132). 
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f) Correspondence and biplot analyses 
A primary advantage of these techniques is that a single 
application results in ordination of both sites and species in terms of 
the 'best fit' of one to the other. Other advantages include, they can be 
expected to perform better than many other pattern analyses procedures 
(Pimental 1979) and that they require only presence/absence data. Both 
techniques essentially 'scale' the data matrix involving employment of 
simultaneous double standardization (Pimental 1979) to provide the 'best 
fit' of the multidimensional contingency table in fewer dimensions. Since 
correspondence and biplot analyses employ linear models it is assumed that 
a maximum association between species and sites is ecologically 
meaningful. Some useful references on the mathematics and application of 
these techniques include Hill (1974) and Greenacre (1981) on 
correspondence analyses and Gabriel (1971 and 1981) on the biplot 
analyses. 
g) Shannon-Weiner Species Diversity Index 
Although the Shannon-Weiner index is one of the most commonly 
employed indices in ecological studies (Pielou 1974) it nevertheless has a 
number of constraints. It assumes that a random sample is taken from an 
infinitely large population, and that all species in the community are 
represented in the sample. Because of the difficulties of taking a truly 
random sample from an infinite population the index must be used with 
caution. 	 Care must also be taken to minimize the bias due to non- 
standardized population census techniques and to avoid the incorporation 
of different trophic levels. 	 The affect of the latter will introduce 
vastly different numbers of individuals from different samples. 
310 
APPENDIX II 
PROCEDURE FOR MEASURING GROUND SITE ENVIRONMENTAL DATA 
i) 	 Location 
1. Site Number: defined from a list of (1-800) sites making up 800 
cells with the 8 km2, each 100m x 100m. 
2. Grid Reference: read from a 1:25 000 scale topographic map, as 
a six digit number. 
Date: day, month and year. 
General Environmental Attributes 
Slope: 	 measured the dominant slope from the observer to the 
base of the slope (measured in degrees using a dinometer). 
5. Time since last fire: 5 yrs, 5-10 yrs, 10 yrs. 
Measured indirectly by counting the number of nodes on 
Banksias. 
	 Each branching represents one year's growth. 
The dominant fire history of the site was recorder. 
6. Leaf litter depth: measured by determining the average depth 
within one quadrat (measured in cm) and multiplied by 4 to give 
an estimate for the whole site. 
7. Leaf litter abundance: 
	 estimated as the percentage of the 
ground covered by leaves, bark and twigs. One quadrat sampled 
and multiplied by 4 to derive an estimate of the whole site. 
8. Combustibility of ground and lower strata: 
	 measured by 
estimating the percent of plant material (other than litter) 
which could burn in a cool burn. 
9. Log density: assessed by counting the number of logs in one 
quadrat (No. 50/m2) and multiplied by 4 to give an estimate for 
the whole site. 
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10. Log decomposition: an index of the hardness and cohesiveness of 
the log within one quadrat. 
	 Ranked as a score 1 = not 
decomposed, 2 - partially decomposed, 3 = almost fully decayed. 
11. Microrelief: an index of the amount of stones or rock present 
at the site, 0 = nil rocks, 1 = isolated, 2 = small and not 
contiguous, 3 = extensive and contiguous. 
12. Stage density: the number of stags (greater than 15 cm diameter 
breast height) at the site. A stage is a dead tree which has a 
'stag like' crown or the remnant of one. Determined by a total 
visual count. 
13. Free Water: 	 an index of the presence of water and the type 
present, 0 = no water, 1 = water in pools not flowing, 2 = water 
flowing in channels. 
14. Exposure from prevailing winds: an index of the expected wind 
exposure, 1 = very high, 2 = high, 3 = moderate, 4 = low 
15. Aspect: slope of the site is measured on the predominant slope 
as if a planar surface. Aspect was measured in degrees from 
north using a compass. 
iii) 	 Plant Species Attributes 
16. Fire Scars: an index of the percentage of fire scars present on 
the trees. Measured by counting the relative number within one 
quadrat and multiplied by 4 to derive a percentage for the whole 
site. 
17. Tree holes: an index 1-5 indicating the relative abundance of 
holes per site which are greater than 10 cm diameter. Estimated 
by counting the number within one quadrat and multiplied by 4 to 
give a total score. 
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18. Girth: 
	
the average lower and upper diameters for trees. 
Estimated visually to the nearest 10 cm at breast height. 
19. Fruit abundance: 	 an index of the amount of fruits present 
within each stratum. 	 Estimated within one quadrat and 
multiplied by 4 to give a percentage for the whole site. 
20. Flower abundance: as for fruit abundance. 
21. Number of trees: 	 estimated by counting the number of trees 
within one quadrat and multiplied by 4 to give a number for the 
whole site. 
22. Height of each stratum: 	 Five strata were recognized: 
emergents, upper canopy, mid layer, lower layer, ground layer. 
Heights were to the nearest meter visually. 
23. Crown Separation: refers to the average distance between crowns 
divided by the average crown diameter. Estimated visually by 
comparing the overlap or separation within each stratum (Walker 
and Tunstall, 1981:3). 
24. Crown Type: refers to the openness of individual tree or shrub 
crowns. Crown type was estimated visually by matching crown 
types with a photograph provided in Walker and Tunstall (1981, 
Fig. 4). 
25. Crown Cover: refers to a series of values empircally determined 
from crown separation ratios assuming a square packing 
formation. 	 Requires converting crown ratios to a percentage 
using Table 1 in Walker and Tunstall (1981). 
26. Foliage Cover: 	 an estimate derived by multiplying the value 
obtained for crown cover by the value for crown type. It refers 
to the proportion of the ground area covered per stratum by the 
vertical projection of its foliage assuming the sun is directly 
overhead (Walker and Tunstall, 1981:2). 
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27. Plant Species: visual assessment is made of the community to 
determine the dominant four species within each stratum. 
Species are recorded as an abbreviation using the first two 
letters of the genus and the first three letters of the species, 
e.g. Eucalyptus stricta  = EUSTR. 
28. Code: 	 where plants were collected an identifying code was 
affixed to the specimen for referencing. 
29. AON Association: 	 plant community classification ascribed by 
Nicholls (1983), as part of the reconnaissance survey report for 
the Tianjara Training area. 
iv) 	 Qualitative Descriptors 
30. Vegetation profile: a sketch of the dominant vegetation strata 
present at each site. 
31. Toposequence: the position of the site relative to the dominant 
planar surface of the site. 
32. Relevant comments: e.g., 
• plant/animal interactions observed while collecting habitat 
data 
• unusual site features 
• improvements to the proforms data sheet. 
TABLE . PROFORMA: TIANJARA SITE ASSESSMENT OF HABITAT 
1. SITE No. 	 2. GRID REF. 	 3. DATE: 
	 4. SLOPE 
16 	 17 	 18 	 19 	 20 	 21 	 22 	 23 	 24 	 25 	 26 	 27 	 28 
30. 	 VEGETATION PROFILE FIRE 
SCARS HOLES GIRTH FRUIT FLUNG NUMBER HEIGHT 
CROWN 
COVER 
FOLIAGE 
COVER 
CROWN 
RATIO 
CROWN 
TYPE SPECIES CODE COMMENTS 
VEG. 
STRATA. 
1. 
EMERG. 
2. 
1.  
2.  UPPER 
3.  
4.  
1.  
2.  
MID 
3.  
4.  
1 
2. 
LOWER 
31. 	 TOPOSEQUENCE 3. 
4. 
1.  . 
2.  GROUND 
3.  
4.  
WHOLE SITE 32. 	 COMMENTS 	 29. 	 AON ASSOC' 
5. 	 FIRE 	 5, 	 5-10, 	 10yr. 12. STAGS ( 15 cm) 	 No. 
6. 	 LITTER PERCENT 13. FREE WATER (0-2) 
7. 	 LITTER DEPTH (m) 
8. 	 % Combustible 
9. 	 LOGS 	 20 cm 	 No. 14. EXPOSURE (1-4) 
10. LOG DECOMPOSITION (0-3) 
11. MICRORELIEF (0-3) 15. ASPECT (No.) 
ROCKINESS 
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APPPENDIX III 
TABLES OF PRINCIPLE COORDINATE SCORES FOR THE FIRST FIVE VECTORS OF THE 
SIX DIFFERENT GRID SIZES 
Table 1. 	 Vector 'F' loadings from PCO analyses vector 1 for the 20 
variables for the 5 larger grid sizes. 
GRID SIZES (m2) 
Variable 200 300 400 500 1000 
High elevation 33.5 21.8 20.1 11.0 
Low elevation 105.5 75.1 91.6 63.4 8.3 
North contour 71.8 10.9 11.6 15.4 - 
South contour 108.6 17.3 13.1 - - 
East contour 44.1 19.9 15.4 8.0 - 
West contour 84.7 30.4 17.5 22.2 - 
Slope 100m 214.6 39.7 34.1 19.5 12.9 
Streams 9.2 
Exposed - - - - 10.2 
Intermediate 60.9 - - - - 
Sheltered 71.7 - 8.4 7.7 - 
Rockland 39.9 - - - 31.8 
Dry heath - - 10.5 - 
Wet heath 39.7 26.1 16.3 10.6 
Sedge 15.9 14.1 7.5 8.7 
Open woodland - - 
Woodland - 14.4 
Open Forest 66.2 30.1 24.5 33.1 19.7 
Rainforest 8.4 - - - 
Cliffs 23.2 14.8 18.7 11.1 6.7 
% Variance 15.93 15.92 18.48 20.47 28.87 
Cumulative 
% Variance 15.93 15.92 18.48 20.47 28.87 
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Table 2. Vector 'F' loadings from PCO analyses vector 2 for the 20 
map variables for the 5 larger grid sizes. 
GRID SIZES (m2) 
Variable 200 300 400 500 1000 
High elevation 68.1 16.5 - - 6.6 
Low elevation 54.3 6.7 - - - 
North contour - - 9.2 - - 
South contour - 9.4 11.1 - - 
East contour - - 10.4 - - 
West contour - - - - - 
Slope 100m - 6.1 15.3 - - 
Streams - - 7.7 - - 
Exposed 12.2 - - 12.8 - 
Intermediate 32.1 74.1 33.0 13.7 
Sheltered - 23.6 29.0 14.1 13.4 
Rockland - - - - - 
Dry heath 37.5 - - - - 
Wet heath 8.1 - - - - 
Sedge - - - - - 
Open woodland - - - - - 
Woodland - - - - - 
Open forest 
Rainforest - - - - - 
Cliffs - - 9.7 - - 
% Variance 9.11 11.08 11.80 10.37 21.32 
Cumulative 
% Variance 25.04 27.00 30.28 30.84 50.18 
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Table 3. 
	 Vector 'F' loadings from PCO analyses vector 3 for the 20 map 
variables for the 5 larger grid sizes. 
GRID SIZES (m2) 
Variable 200 300 400 500 1000 
High elevation 35.1 - - 25.2 - 
Low elevation 12.6 - - - - 
North contour 13.2 - - 7.8 - 
South contour - - - 29.7 38.0 
East contour - - - 10.8 - 
West contour 13.2 - - - - 
Slope 100m 12.1 6.6 - 11.8 
Streams - 13.6 - 9.4 7.5 
Exposed 14.1 - 13.7 - - 
Intermediate 149.2 50.5 59.5 7.8 - 
Sheltered 63.3 44.2 64.0 - 
Rockland - - 7.2 - - 
Dry heath - - - - - 
Wet heath - - - 6.9 - 
Sedge - - - 7.0 - 
Open Woodland 6.9 
Woodland - - - - - 
Open Forest - - - - - 
Rainforest - - - - - 
Cliffs - - 7.5 - - 
% Variance 6.84 7.80 9.27 9.96 14.43 
Cumulative 
% Variance 31.88 34.80 39.55 40.80 64.61 
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Table 4. 	 Vector 'F' loadings from PCO analyses vector 4 for the 20 
map variables for the 5 larger grid sizes. 
GRID SIZES (m2) 
Variable 200 300 400 500 1000 
High elevation - - 16.1 - - 
Low elevation - - - - - 
North contour - - - - - 
South contour - - - - - 
East contour 7.4 - - - - 
West contour - - - - - 
Slope 100m 13.2 - 
Streams 32.9 - - - - 
Exposed - 25.5 - 
Intermediate 47.5 101.4 16.6 
Sheltered 18.5 35.2 8.6 
Rockland - - - 15.5 - 
Dry heath 11.3 - - - - 
Wet heath - - - - - 
Sedge 23.5 - - - - 
Open woodland - - - - 4.3 
Woodland - - 8.1 - - 
Open Forest - - - - - 
Rainforest - - - - - 
Cliffs 27.6 - - - - 
% Variance 6.08 7.27 7.68 7.68 13.19 
Cumulative 
% Variance 37.69 42.07 47.22 48.48 77.80 
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Table 5. 	 Vector 'F' loadings from PCO analyses vector 5 for the 20 map 
variables for the 5 larger grid sizes. 
GRID SIZES (m2) 
Variable 200 300 400 500 1000 
High elevation - 11.4 - - - 
Low elevation - - - - - 
North contour - 8.3 - - - 
South contour - - - - - 
East contour - - - - - 
West contour - - - - - 
Slope 100m - - - - - 
Streams - 
Exposed - - - - - 
Intermediate 54.0 - - - 2.6 
Sheltered 39.4 7.2 - - - 
Rockland - 9.3 - ... - 
Dry heath - 
Wet heath 11.3 - 11.7 - - 
Sedge 11.5 
Open woodland 15.0 7.5 12.5 - 
Woodland - - 15.7 - - 
Open Forest - - - - - 
Rainforest - - - - - 
Cliffs - - - - - 
% Variance 5.22 6.55 6.68 7.09 10.26 
Cumulative 
% Variance 43.18 48.62 53.90 55.57 88.06 
APPENDIX IV 
List of 64 Bird Species Observed in the Study Area 
RAOU 
ATLAS 
Number 
Six Letter 
Abbreviated 
Name 
Common 
Name 
Scientific 
Name 
35 BRHBZW BRUSH BRONZEWING HAPS ELEGANS 
218 SPDHAR SPOTTED HARRIER CIRCUS ASSIMILIS 
220 GRYGSK GREY GOSHAWK ACCIPITER NOVAEHOLLANDIAE 
224 WTDEAG WEDGE-TAILED EAGLE AQUILA AUDAX 
239 BRNFAL BROWN FALCON FALCO BERIGORA 
240 NANKES AUSTRALIAN KESTREL FALCO CENCHROIDES 
268 GNGCOK GANG-GANG COCKATOO CALLOCEPHALON FIMBRIATUM 
281 KNGPRT AUSTRALIAN KING-PARROT ALISTERUS SCAPULARIS 
282 CRMROS CRIMSON ROSELLA PLATYCERCUS ELEGANS 
311 SWPPRT GROUND PARROT PEZOPORUS WALLICUS 
322 KOOKAB LAUGHING KOOKABURRA DACELO NOVAEGUINEAE 
338 FANCUK FAN-TAILED CUCKOO CUCULUS PYRRHOPHANUS 
342 HOBCUK HORSFIELD'S BRONZE-CUCKOO CHRYSOCOCCYX BASALIS 
344 SNBCUK SHINING BRONZE-CUCKOO CHRYSOCOCCYX LUCIDUS 
350 SUPLYR SUPERB LYREBIRD MENURA NOVAEHOLLANDIAE 
357 WELSWL WELCOME SWALLOW HIRUNDO NEOXENA 
359 TREMAT TREE MARTIN CECROPIS NIGRICANS 
361 GRYFAN GREY FANTAIL RHIPIDURA FULIGINOSA 
364 WILWAG WILLIE WAGTAIL RHIPIDURA LEUCOPHRYS 
365 LEDFLY LEADEN FLYCATCHER MYIAGRA RUBECULA 
380 SCTROB SCARLET ROBIN PETROICA MULTICOLOR 
382 FLAROB FLAME ROBIN PETROICA PHOENICEA 
384 ROSROB ROSE ROBIN PETROICA ROSEA 
392 EYEROB EASTERN YELLOW ROBIN EOPSALTRIA AUSTRALIS 
398 GOLWHI GOLDEN WHISTLER PACHYCEPHALA PECTORALIS 
401 RUFWHI RUFOUS WHISTLER PACHYCEPHALA RUFIVENTRIS 
405 OLIWHI OLIVE WHISTLER PACHYCEPHALA OLIVACEA 
408 GYSTHR GREY SHRIKE-THRUSH COLLURICINCLA HARMONICA 
421 ESTWIP EASTERN WHIPBIRD PSOPHODES OLIVACEUS 
424 BFDCSH BLACK-FACED CUCKOO-SHRIKE CORACINA NOVAEHOLLANDIAE 
454 BRNWAB BROWN GERYGONE GERYGONE MOUKI 
470 STDTHN STRIATED THORNBILL ACANTHIZA LINEATA 
475 BRNTHN BROWN THORNBILL ACANTHIZA PUSILLA 
484 BRDTHN BUFF-RUMPED THORNBILL ACANTHIZA REGULOIDES 
488 WBDSWN WHITE-BROWED SCRUBWREN SERICORNIS FRONTALIS 
498 CRDHYL CHESTNUT-RUMPED HYLACOLA SERICORNIS PYRRHOPYGIUS 
500 FIEWRE CALAMANTHUS SERICORNIS FULIGINOSUS 
505 ROKWAB ORIGMA ORIGMA SOLITARIA 
506 PILOTS PILOTBIRD PYCNOPTILUS FLOCCOSUS 
508 BRNSLK BROWN SONGLARK CINCLORHAMPHUS CRURALIS 
526 SNEWRE SOUTHERN EMU-WREN STIPITURUS MALACHURUS 
529 SUPWRE SUPERB FAIRY-WREN MALURUS CYANEUS 
536 VARWRE VARIEGATED FAIRY-WREN MALURUS LAMBERTI 
547 DKYWOD DUSKY WOODSWALLOW ARTAMUS CYANOPTERUS 
558 WTDTRE WHITE-THROATED TREECREEPER CLIMACTERIS LEUCOPHAEA 
564 MISBID MISTLETOEBIRD DICAEUM HIRUNDINACEUM 
565 SPDPAD SPOTTED PARDALOTE PARDALOTUS PUNCTATUS 
574 SILEYE SILVEREYE ZOSTEROPS LATERALIS 
578 WNDHON WHITE-NAPED HONEYEATER MELITHREPTUS LUNATUS 
591 ESTSPI EASTERN SPINEBILL ACANTHORHYNCHUS TENUIROSTRIS 
593 TCDHON TAWNY-CROWNED HONEYEATER PHYLIDONYRIS MELANOPS 
605 LEWHON LEWIN'S HONEYEATER MELIPHAGA LEWINII 
614 YFDHON YELLOW-FACED HONEYEATER LICHENOSTOMUS CHRYSOPS 
617 WEDHON WHITE-EARED HONEYEATER LICHENOSTOMUS LEUCOTIS 
630 CREHON CRESENT HONEYEATER PHYLIDONYRIS PYRRHOPTERA 
631 NHDHON NEW HOLLAND HONEYEATER PHYLIDONYRIS NOVAEHOLLANDIAE 
638 REDWAT RED WATTLEBIRD ANTHOCHAERA CARUNCULATA 
645 NSYFRB NOISY FRIARBIRD PHILEMON CORNICULATUS 
647 RICPIP RICHARD'S PIPIT ANTHUS NOVAESEELANDIAE 
671 OBDORI OLIVE-BACKED ORIOLE ORIOLUS SAGITTATUS 
694 PIDCUR PIED CURRAWONG STREPERA GRACULINA 
697 GRYCUR GREY CURRAWONG STREPERA VERSICOLOR 
705 AUSMAG AUSTRALIAN MAGPIE GYMNORHINA TIBICEN 
976 STDPAD STRIATED PARDALOTE PARDALOTUS STRIATUS 
+ Royal Australian Ornithological Union Bird Atlas numbers used as labels in the 
biplot analyses (Figures 46 and 47). 
* Abbreviated common bird species name used as labels in the correspondence tables 
(Tables 47 to 54) 
320 
